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PREFACE 


The increase in the cost of power in coal burning power plants 
has caused many to give serious consideration to the Diesel 
engine. That this type of engine has an assured future is evi¬ 
denced by increase in yearly sales. Several years ago the author 
ventured to assemble a considerable amount of data on the 
internal combustion engine which was published in book form 
under the title of “Oil Engines.” At that time only a few firms 
were building Diesel engines and such material as was available 
wa.s included in the discussion of all engines in general. At 
l)resent there are more than twenty five concerns building or 
experimenting with the Diesel engine and the information has 
increased correspondingly. 

Since the economics of this type of engine are as vital as the 
operating procedure, considerable space has been devoted to 
production costs, which should be of as much interest to managers 
of plants now using steam or purchased current as to oil engine 
plant owners. 

The author wishes to make due acknowledgement of the 
courtesies extended him by the engine builders as well as to 
Power for permission to use some material which appeared in 
that publication. Thanks are due also to the author’s wife, 
Emma Snow Morrison, to whose assistance and encouragement 
this volume owes its existence. 

L. H. M. 

Port Washington, N. Y. 

August, 1923. 
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CHAPTER I 


INTRODUCTION 

The DlESEL-ENOINE^lNDtlSTUV IN AMERICA 

General.—To those not intimately acquainted with the Diesel- 
engine industry in the United States the statement that the total 
output of the several manufacturers since the first introduction 
into this country amounts to 500,000 hp. will be somewhat 
surprising. Particularly interesting is the development since 
the expiration of the original patents. The wonderful impetus 
given the industry by the engagement of a number of manu¬ 
facturers in the building of Diesel engines serves to prove the 
statement that competition is always stimulating. 

Installed Horsepower.—The increase in total horsepower 
sold per year, comparing the early years with 1921 or 1922, is 
quite comparable with the increase in the capacities of the 
individual units. In the frontispiece is shown the first engine 
constructed in the United States in 1898, being of 60 hp. One 
may gain an idea of the growth of the industry by comparing 
this engine with a modern Diesel of 2,000 hp. Likewise the 
yearly output has increased from 60 hp. in 1898 to 70,000 hp. in 
1922, as will be noted from a study of the chart in Fig. 1, which 
first appeared in Power in an article by the author on the Diesel 
engine. In the preparation of this chart all the Diesel manu¬ 
facturers were consulted. Since many of the older units have 
been re-erected in other than the original plants, it was necessary 
to trace a considerable number of these engines. For this reason 
a few minor errors exist in the totals for the first 10 years; these 
errors wilt not amount to over 2,000 hp. for the entire range of 
the chart. A few of the early engines have been discarded or are 
used as breakdown service. 

Life of the Diesel Engine.—One of the interesting facts to be 
gained from this chart is the continued service obtained from 
practically all the engines constructed. Many engineers hold 

1 
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decided views against the oil engine, basing their prejudice 
on the statement that the Diesel, especially of the early design, 
has been a failure. To the contrary, no othe? prime mover can 
show such a record of continuity of service. If, out of a total 
of 500,000 hp. less than 8,000 hp. are no longer in service, the 
impartial investigator must decide that its life is fully equal to 
that of a steam unit. It is well to add here that of the total 
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FlO. 1.—Growth of Diesel industry in the United States. 


horsepower of discarded engines some 2,000 hp. were installed 
in a plant that was destroyed by fire from causes other than 
those arising primarily from the engines. 

Industries Using Diesels.—The application of Diesel power is 
not confined to narrow limits, the engine being employed in a 
large variety of industries. In Fig. 2 are shown the total Diesel 
installations as reported Feb. 1,1922, separated into the classifica¬ 
tions of the industries served and the percentage of the total 
■ number of Diesels so employed. The 70,000 hp. sold in 1922 are 
divided in approximately the same ratio. As might be expected 
from its very apparent adaptability to such work, the greatest 
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volume of Diesel horsepower is employed in the central stations 
and on oil pipe-lines. Since the business of the oil pipe-lines 
is to transport petroleum, the oil engine is especially suited for 
such pumping stations. As now oil fields are opened up the 
demand for this engine increases. With the developments in 
Canadian and South American fields a large number of American 
Diesels will be used since the American manufacturer has solved 



the problems of oil-lino drive more successfully than have the 
foreign builders. 

The Diesel has found a general acceptance in central stations 
of capacities under 2,000 kw. In these small- and medium- 
powered plants it is impossible to install an efficient steam plant 
with all the ncces.sary auxiliaries. As a result, the Diesel has 
been largely sold in such plants. That the service has proved 
satisfactory is attested by many repeat orders. 

The operating cost per kilowatt is well under usual steam-plant 
records and compares quite favorably with the cost of the largest 
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central stations, as will be pointed out in Chapter V. The 
overhead charges, in view of the present costs of steam-plant 
equipment, are not excessive, as will be outlined in a number 
of Diesel central-station plant-cost records appearing in Chapter 
V. Since the Diesel is a self-contained unit, corporations con¬ 
trolling a number of central stations have found that it can be 
installed in one locality when the power demand is not high, 
and afterward when the load conditions justify a turbine plant, 
the Diesel can be moved to another station with practically no 
depreciation, Of the industries using Diesels it appears that 
while oil lines have purchased a greater yearly horsepower of 
Diesels, the growth of the Diesel central stations has been the 
most consistent. 

The more general adoption of the Dicisel to refrigeration plants 
is to bo expected since the fuel cost per ton of ice with the Diesel 
is less than one-quarter the cost with the typical steam plant. 
'I'he increased use of raw-water plants makes the oil engine the 
most economical prime mover when fuel-oil prices are reasonable, 
the fuel costs being as low as 15 cents per ton of ice. A study of 
Fig. 2 reveals that all the larger industries have to some extent 
made use of the Diesel; it is generally agreed that in every lino of 
manufacture the oil engine is a competitor of other prime movers 
save in those cases where a large amount of exhaust steam is 
needed. 

American engineers have not realized upon the heat in the 
Diesel exhaust as have foreign engineers. Since repeated 
experiments have proved that 15 per cent of the heat in the fuel 
can be recovered in the exhaust' together with 12}^ per cent 
from bypassing a part of the cooling water, it is apparent that 
more study should be given to this point. This is dealt with 
to some extent in the chapter on Cooling Systems. 

The territory covered by the United States is so vast that fuel- 
oil prices vary over a wide range, dependent on the locality. 
Along the Atlantic seaboard the Eastern coals in the past have 
been cheap when compared with current fuel-oil prices. During 
the past 4 or 5 years the price of oil has been much lower than 
coal on the basis of “ per million B.t.u.” This tends to encourage 
a now general use of the Diesel in these states, and many plants 
are found to be operating profitably. In the Middle West, 
although coal is lower in cost than in the East, fuel-oil is obtainable 
at prices that place the steam plant at a decided disadvantage. 
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In the Eastern States the density of population and of industry is 
such that the central stations are of large capacities. The 
isolated plant, even when Diesel-driven is sometimes at a disad¬ 



vantage. Notwithstanding these adverse conditions, a consider¬ 
able capacity in Diesel engines is found in these states and sales 
are increasing. In the Southwest the industries are not so con¬ 
gested and the central stations are of medium capacity. These 
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factors, together with attractive oil prices, make the Diesel 
engine especially suitable for the Southwest and Central States. 
The map in Fig. 3 shows the number and total horsepower of 
the Diesel installations in each state on Feb. 1, 1921, when the 
author made a very comprehensive survey of the United States. 
Five states of the Central West—Missouri, Kansas, Oklahoma, 
Texas, and Louisiana—contain one-half the Diesel horsepower 
of the United States. 

As might be expected, one reason for the large number of 
Diesel installations in the Central West, other than favorable 
fuel-oil prices, is the fact that in these states are found a large 
number of oil pipe-line pumping stations. In the North Cetitral 
States the Diesels are used almost exclusively in the central 
stations. A large percentage of the central stations in the South¬ 
west are Diesel-engined. In the Far West the mines use most of 
the engines listed, although a number of small engines are found 
in irrigation plants. The development of irrigation projects in 
the Southwest will load to a more general use of the Diesel. 
Large areas in Texas, New Mexico and Arizona will ultimately 
be put under irrigation, and pumping equipment will bo 
necessary. 

Marine Diesel.—The marine Diesel industry is still in its 
infancy; that the marine Diesel horsepower has almost reached 
100,000, including those on order Dec. 1, 1922, is commendable. 
While the first marine Diesel was installed in 1914 ami the largest 
units in America were built in 1915, there was no considerable 
activity in this field until 1918. The hor.scpower given above 
includes all save those in submarines; in this field there are 
approximately 140,000 hp. 

There is every reason to expect a consistent demand for 
marine engines. In medium- and small-tonnage vessels they 
find an especially suitable field. In tank service no other form 
of power is so efficient. On the other^hand, a large volume of 
marine engines, either of steam or oil, eannot bo expected for 
several years. The world’s demand for tonnage, save vessels 
for special requirements, has been fairly satisfied. There was 
less tonnage launched in 1920 than in 1919, and in 1922 a still 
lower amount. In addition, marine architects and shipbuilders 
have not been entirely eonverted to the Diesel drive. There is a 
strong undercurrent, however, among shipping circles that the 
Diesel is the solution of the high cost of operating U. S. vessels. 
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It is a matter of regret tliat the U. S. Shipping Board has failed 
to give pro|)er encouragement to the Diesel builders. 

Export Field.—The e.xport field offers attractions to the 
American Diesel manufacturer. During the life of the original 
Diesel license it was not po.ssible to export American Diesels; 
con.seqnently, the export period started in 1914. Since that 
time 100 engines, totaling 23,470 hp., have been .sold to various 
countries. This docs not include, however, 900 hp. which were 
originally in operation in the United States and subse(iucntly 
shipped to the West Indies, South America and Canada. 

In a number of countries-the West Indies, South America 
and the Orient—the sc.arcity of coal has created a demand for 
the Diesel engine. European manufacturers have had repre¬ 
sentatives in these countries for years; as a result the major part 
of the demand ha.s been filled by foreign firms. 

Small Diesels. .Mention should bo made of the activity in 
the buihling of Diesels of almost miniature capacities. Several 
concerns are manufacturing engines of less than 100 hp. One 
builder has (hn'otod almost his entire attention to these small 
units and has sold a larg(! luindK'r of engines of 75 hp. and under. 
This can be taken as indicative of the progress made toward the 
simplification of the Diesel so that it can be handled by the aver¬ 
age mechanic after some shop instruction. 

The advantage of a Dic.sel engine for small horsepower is its 
marked economy over the use of a steam [dant. The gain 
in economy is duo to the fact that as steam equipment becomes 
smaller, its fuel consumption per horsepower increases. It is 
also due to the fact that the small steam plant considers any 
steam unit good enough, which leads to great waste in fuel con¬ 
sumption. A Diesel engine, however, whether large or small, 
has approximately the same fuel consumption. This is an 
advantage which is being appreciated more and more and which 
makes a Diesel engine in smaller units very attractive. It also 
leads to the adoption of several units in one power plant in 
preference to one, making it possible to operate a Diesel engine 
at more nearly its economical load. By the use of a number of 
small units, the cost of the spare unit is kept down, as well as is 
the maintenance charge. 

Large Diesel Engines.—Probably the most striking advance 
made of late years in Diesel-engine design has been the increase 
in engine horsepower. In the United States the tendency until 
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2 or 3 years ago was to hold the cylinder size below 150 hp. 
The manufacturers were content to build and market engines of 
500 hp. and under. In fact the average engine rating, con¬ 
sidering all the Diesels manufactured in this country, since 1898, 
is slightly under 275 hp. Since the Diesel demand came from 
small central .stations, oil pipe line and like plants, low-powered 
engines were logical. The oil pipe lines absorbed more than 
.'iO per cent of the engine output; these stations must have 
duplicate units, and 500 hp. is about the maximum size that can 
be u.snd, although during 1923 engines of 750 hp. were installed. 
The small central stations, where efficient steam operation was 
impossible, required well under 500 hp. The engine builders 
largcrly influenced this demand for only small engines, for it i.s 
only of recent date that the one time perplexing problem of 
crankshaft failure and cylinder-head fracture have been solved. 

While the European builders have been turning out engines of 
large size for several years, the American manufacturers have 
recently shown a marked tendency toward the designing of large 
units; at the present time the maximum output of any American 
engine is 2,700 b.hp. While this Bethlehem engine is the largest 
in point of delivered horsepower, it has six cylinders and on the 
basis of individual cylinder capacity is now overshadowed by 
the largest Nordberg Diesel. The latter engine is of the two- 
stroke-cycle type and has four cylinders of 500 b.hp each. The 
design is such that two more cylinders can be conveniently 
added, giving a 3,000 hp. unit. 

There is every reason for this increase in engine horsepower. 
Many plants of 3,000 to 5,000 hp. now operating with steam in 
unfavorable localities have found the power costs mounting to 
alarming figures. While fuel and labor costs may show some 
decrease in the future, they will never return to the pre-war 
level. It is impossible to consider replacing such equipment by 
ten or a dozen small Diesels. The maintenance costs, which are 
more or less in direct ratio to the number of vital working parts, 
would be prohibitive, while the labor would also be high since 
it is in ratio with the number of units installed. The production 
of these larger Diesels enables plants above 2,000 hp. to install 
oil engines. The cost per horsepower of the large units is well 
under the costs of smaO engines. The repair charge should be 
less, since better workmanship is possible and the character of 
operators can be higl^er. 



CHAPTER II 


INTERNAL COMBUSTION ENGINES 
HisTonioAi. 

General.—While a complete history of the development of the 
internal combustion engine is of interest, such a treatment is 
beyond the scope of this volume. In order to obtain a comprehen¬ 
sive appreciation of the modern oil engine a brief statement of the 
more important steps in internal combustion-engine design is at 
lea.st advisable, if not absolutely necessary. 

Although for decades the internal combustion engine was 
neglected while the attention of the engineer was centered on 
the steam engine, still the former had been built and actually 
used long before Watts constructed his atmospheric steam engine. 
Because of defects of operation in the internal combustion engine 
that seemed impossible of solution, the steam engine took preced¬ 
ence, and it was only during the latter part of the nineteenth 
century that the gas engine began to come into commercial favor. 

Huyghens.—While several scientists had suggested the use of 
gunpowder in a closed vessel as a source of power, Huyghens 
appears to have been the first who actually built an internal 
combustion engine (1680). His design embodied an open-ended 
cylinder with a piston. The powder was exploded when the 
piston was at the bottom of the cylinder: the explosion forced 
the piston upward The ga.ses were expelled through leather 
valves, and the cooling of the gases that remained in the cylinder 
created a vacuum. The atmospheric pressure, acting on the 
piston, forced it downward into the cylinder, doing work by its 
movement. Many structural defects caused the abandonment 
of this design. 

Barber’s Producer Gas Engine.—The internal combustion 
engine was practically ignored until 1791 when an Englishman, 
John Barber, built an engine which made use of gas distilled 
from coal. The essential features of Barber’s engine were the 
use of a mixing chamber wherein the air and the producer gas 
were mixed and ignited, and the employro^t of a paddle-wheel 
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against the blades of which the gases, issuing from the chamber, 
impinged. This machine was in reality a gas turbine rather than 
a gas engine, and several modern engineers have worked on the 
design of a gas turbine along the same lines. 

Lenoir.—Although a number of experimenters interested 
themselves in the problem of building an internal combustion 
engine, Lenoir was the first to manufacture a marketable engine 
in 1860. 

The Lenoir engine, Fig. 4, was double acting; the valves were 
of the flat-ported typo, somewhat along steam-engine practice, 



being operated by eccentrics. The gas and air were mixed in 
the inlet valve and passed into the cylinder under the suction 
effect of the retreating piston. When the piston was almost 
halfway in its stroke, the charge was ignited. The presurc then 
rose to the vicinity of 75 lb. The piston continued to the end of 
its stroke, being acted upon by the gas pressure. The exhaust 
valve then opened, and the burnt products were pushed out by 
the piston on the return stroke. Hundreds of these engines 
were placed in commercial use, but the gas consumption was 
high, the efficiency being but little above 4 per cent. 

Otto’s Engine.—About this time, 1866, Otto, in Germany, 
designed an engine with a free piston. In this engine, which was 
built vertically with the cylinder below the crankshaft, the piston 
was forced upward by the explosion. The weight of the piston- 
then caused it to descend into the cylinder, assisted by the 
vacuum formed by the cooling of the gases. In descending, the 
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piston engaged a rack which turned the crankshaft through a 
clutch. The inertia of the flywheel started the piston on the 
upward stroke, and the vacuum formed drew in a gas charge. 
This charge was exploded when the piston was partly advanced 
on the upstroke. It is apparent that this embodied the same 
principles as did Lenoir’s engine. 

Beau de Rochas.--In 1862 Beau do Rochas, a Frenchman, 
proposed the cycle that is at pre.sent used l)y the majority of gas 
engines. His proposal, although ho never actually built an 
engine, was as follows: 

The essential factors in obtaining high oflicicncy are: first, 
the highest po.ssiblc compression pressure at the moment of 
ignition; second, the greatest possible expansion of the gases 
after combustion. 

To achieve the desired efliciency in an engine, do Rochas 
proposed that an engine should operate on the four-.stroke-cyclc 
principle, having the following events: 

Stroke 1. Draw in the air and gas charge. 

Stroke 2. Compression of the charge. 

Stroke .3. Ignition and expansion of the charge. 

Stroke 4. Discharge of the burnt gases. 

It is to be ob.servcd that tbe.se events arc those occurring in all 
pre.sent-day four-stroke-eycle gas or gasolene engines. 

Otto’s Silent Engine.—-As staled heretofore, Otto has obtained 
a patent on a free piston engine in 1866. In company with 
Langcn, Otto formed an engine-building organization—the Ga.s- 
Motoren Fabrik Dcutz which is still in existence. Objection¬ 
able features of the Otto and Langen engine caused them to 
adopt the design proposed by Beau do Rochas. This engine, 
which was known as the “Otto Silent,” created a furor at the 
Paris Exhibition in 1878. Figure 5 shows a view of one of these 
early Otto engines, while Fig. 6 is a section through the intake 
valve. This valve has two [lassagcs in it. The port M is the 
air passage, which, on the suction stroke of the engine, is in line 
with m, the air-suction pipe; Q Is, at this time, in contact with a; 
and n communicates with L, the gas passage. This allows the 
air and gas to enter the cylinder through a. As the valve con¬ 
tinues to move to the left on the compression stroke of the piston, 
N receives a small charge of gas from the gas line d. As the 
valve moves to the right on its return stroke, the cavity N 
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moves past B, which carries an open flame, and the gas in N 
ignites. When this passage moves past the passage a, the flame 
in'A^iignites the gas^in the cylinder. The^exhaust valve," not 



shown, was of the poppet type. The disadvantage lay in the 
flat admission valve. To keep it against its seat, a strong spring 
pressure was necessary; this occasioned rapid wear. However, 



the engine was so superior to its competitors that thousands 
were sold all over Europe. It is to be noticed that the cycle 
used should have been termed the “Beau de Rochas cycle” 
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instead of Otto, by which latter name this cycle is now universally 
designated. 

This engine, modified to better meet existing conditions, is 
in daily use all over the world; thousands are sold each year; 
one American firm in 1921 marketed 00,000 Otto-cycle engines 
in sizes from 1}-^ to 10 hp., and there arc scores of manufacturers 
who produce from 1,000 to .5,000 engines yearly; in 1921 the 
sales of such engines amounted to 533,006 hp. 

Brayton’s Constant Pressure Engine. -A few years proviou.s 
to the design of the Otto silent engine, tleo. Brayton, a Phila¬ 
delphian, secured patents on an engine that differed from all 
other internal combustion engines in that, instead of the charge 
burning at constant volume or instantaneously as in the Otto 
cycle, the fuel, cither gas or licpud, was introduced into the 
cylinder in such a manner as to cause it to burn at constant pres¬ 
sure. The design of this engine embodied the use of an engine 
cylinder and of a separate charging or compressing cylinder. The 
gas and air were introduced into this charging cylinder and 
compressed. At the beginning of the power stroke in the engine 
cylinder the mixture passed into the cylinder through the intake 
device, which was in the form of a gauze screen. A pilot light 
ignited the charge as it blow into the cylinder until cut-off took 
place at about 10 per cent of the engine stroke. The How of 
the mixture was such that the pressure in the power cylinder did 
not increase during combustion. After the flow of fuel ceased, 
the burnt gases expanded as in any engine. This Brayton eycle 
had much to commend it. It w.as the most efficient of all cycles 
operating between the same temperature limits. Its drawback 
was that, for equal power, it required a much larger cylinder vol¬ 
ume than did the Otto cycle. The serious objection, both from 
a manufacturing and operating standpoint, was the excessive 
size and weight of the engine as well as the complicated mechan¬ 
ism. This cycle was early abandoned in favor of the more simple 
Otto cycle. 

Clerk’s Two-cycle Engine.—This engine was the design of 
Dungan Clerk, and, in place of being four-stroke cycle, the 
engine was of the two-stroke-cycle type. The design embodied 
the use of a charging cylinder into which the air and gas was 
introduced and compressed. The engine cylinder used no 
exhaust valves but, instead, made use of ports about the cylinder. 
After the power stroke was almost completed, the piston un- 
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covered these ports, allowing the exhaust gases to blow out. At 
Ihe .same time the changing cylinder forced a charge of air and 
gas into the engine cylinder. This charge assisted in freeing the 
cylinder of the remaining consumed gases and was compressed by 
the piston on its return stroke. At the proper time a gas flame, 
and in some engines a hot bolt on the piston, ignited the charge. 
This cycle was not so favorably received since it was not as 
simple as the Otto engine. Subsequently, many engines were 
built using this two-cycle principle but compressing the gas and 
air in the crankcase in preference to the separate charging 
cylinder. The Clerk engine was the forerunner of the modern 
two-cycle engine. 

Homsby-Ackroyd Engine.—This engine, which was the pioneer 
of all the Hot-bulb or “Surface-ignition” engines, was an English 
product, being the invention of Charles Ackroyd Stuart, at 
present a resident of Atistralia. Hornsby and Co. took up the 
manufacture of the engine and called it the “Hornsby-Ackroyd.” 
The De La Vergno Machine Co. acquired the American license, 
marketing the engine under the name “H. A. Type.” In time 
the American rights were purchased by this company, and the 
former arrangement of turning over all data to the English 
company was no longer in force. As a natural consequence, 
the American and English developments were along totally 
dissimilar lines. 

This engine was of the four-stroke-cycle type, the valves being 
placed in a valve chamber at one side of the cylinder. The 
cylinder head included a vaporizer or uncoolcd bulb. The oil 
was injected into the bulb and, owing to the intense heat con¬ 
tained in the walls, was vaporized. At the end of the compres¬ 
sion stroke the heat of the bulb, increased by the heat caused by 
the compression in the cylinder, was high enough to ignite the 
fuel. The engine was an explosive or constant-volume engine 
and followed the Otto cycle in its action. Figure 7 shows the 
vaporizer of this engine. It will be seen that the opening into 
the cylinder is constricted. In this way the fresh air in the 
cylinder has no chance to mix with the vaporized oil until the 
piston forces the air into the vaporizer. 

Since the engine followed the four-stroke-cycle principle, the 
air charge was drawn into and compressed in the engine cylinder. 
The compression pressure seldom exceeded 60 lb. per square 
inch. While this was as high a pressure as the first engine could 
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use clue to preignitioii troubles, later modifications of this type 
have the compression as high as 250 lb. per square inch. The 
variation in compression depends unon the time of depositing 
the fuel charge in the vaporizer. In the early models the oil 
entered the cylinder very early in the compression stroke, while 
the later designs have the oil injection occurring during the last 
■15 deg. before dead-center. 

The hot-bulb or vaporizer engine came into general favor by 
reason of its ability to burn kerosene (termed paraffine in England) 



Fid 7.--A«‘kioy<l hot-bull) oukhio. 


with success, and the simplicity of design, which made it far 
superior to the ordinary four-strokc-cycic ga.solcnc or carburetor 
engine. 

The trend during the past 15 years is toward a two-stroko- 
cyclo engine using the crankcase on front of the (;ylinder as a 
scavenging air compressor. 'I'his pres(>nt-day serni-Die.sel engine 
is, in respect to the mcdliod of fuel ignition and combustion, 
the original Horn.sby-Aekroyd, the chief departure from this 
original design is the change; from four-stroke cycle to two-stroke 
cycle. This change lowers the manufacturing costs and in some 
respects simplifies the operating details. In the number of 
builders and in the total horsepower capacity of these two-cycle 
hot-bulb engines the United States easily ranks first. In Eng¬ 
land and on the Continent more attention was given the carbure¬ 
tor engine, and it was as late as 1910 before the hot-bulb machine 
came into favor. At the present time they are finding a field of 
usefulness in stationary work and in small vessels; such as fishing 
boats, tugs and cruising yachts. 
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The Diesel Engine.—Dr. Rudolf Diesel, a German engineer, 
designed an engine to operate on the Carnot cycle, which calls for 
the heat to be added at the highest temperature and thrown away 
(exhausted) at the lowest temperature. In this engine the air 
charge on the compression stroke was to be compressed to a 
pressure such that the resulting temperature was above the 
ignition temperature of the fuel. The fuel was to be introduced 
into the cylinder at a rate such as to cause the work performed 
on the moving piston to absorb enough of the heat of combustion 
to keep the temperature constant. This would cause the 
cylinder temperature to remain constant during the period of 
fuel introduction extending over some 10 per cent of the piston 
stroke. After “cutoff” the gases were to expand adiabatically 
(without absorbing or losing any heat save that consumed in 
doing work). The compression of the air charge was to be at 
constant temperature {isothermally) for part of the stroke, 
followed by adiabatic compression (no heat lost). The engine 
was originally designed without water-jacket cooling since there 
was to be as little heat loss as possible. 

The original patent, dated 1892, outlined an engine wherein 
the fuel used was to be puWerized coal or coal dust. This coal 
was to be stored in a hopper immediately above the engine- 
cylinder head. Between the hopper and the cylinder was inter¬ 
posed a rotary valve having a cavity or pocket. The valve 
received a charge of coal dust and in rotating in its seat came in 
communication with cylinder. The coal dust then dropped into 
the combustion space as the piston reached the end of the 
compression stroke. The fuel charge was to be varied to suit 
load conditions through the governor control of the valve 
movement. 

Another interesting feature was the proposed introduction of 
a water charge at the beginning of the compression stroke for 
the purpose of securing isothermal compression during part of 
the stroke. 

A second claim embodied in the same patent covered the use of 
liquid fuels with the employment of a spraying valve but without 
the air injection feature. The engine was to be started by some 
explosive agent in the cylinder for the initial stroke. The expan¬ 
sion wad to be carried to such a point that the exhaust gases were 
to be cold enough to be used as the cooling medium in the cyhnder 
jacket. 
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An engine was constructed along these lines but never turned 
over beyond the initial stroke, during which it was completely 
wrecked. At this late date no information seems available as 
to the cause of this wreck, but it is to be presumed that the start¬ 
ing charge of explosives was the destructive agent. 

This disappointment caused the builders of this engine to 
abandon Dr. Diesel’s original ideas, and a water-cooled engine 
was built in which the admission of heat was at constant pressure 
instead of at constant temperature as originally contemplated 
by Dr. Diesel. The first of these later engines actually ran but 
never was able to carry any load. Ultimately alterations were 
made which transformed the experiment into a practical machine. 

The development of the Diesel proceeded slowly for some time. 
Various modifications were introduced in the engine which was 
built at the shops of the Maschinenfabrik of Augsburg; this 
concern in conjunction with Krupps bore the expense of the 
experiments carried on by Dr. Diesel and Ing. Vogel. It w£fe 
not until 1897 that a commercial engine was produced, which 
was a single-cylinder 2.5-bp. engine of vertical design and using a 
cro.sshead. This was followed l)y the exhibition at Munich, 
1898, of three Diesels by the M. A. N., Augsburg, by Krupps, and 
by the Deutz Co. 

Starting with the modest-powered engine of 25 hp. it was but 
a question of a relatively few years before engines of a thousand 
horsepower were in commercial use. The engine was patented 
in practically every country, and for a few years all European 
manufacturers operated under a license; this, however, was 
discontinued around 1904, and but few manufacturers paid 
royalties. The popularity of the Diesel engine in Europe 
has been due, to a large extent, to the type of manufacturer 
building these engines and to the high cost of fuel. In Germany 
a number of the strongest steam-engine builders, having the facili¬ 
ties to do the extensive experimenting necessary, early took up 
this engine. In Switzerland and the Scandinavian countries the 
engine found early favor. The British Diesel Engine Co., even 
when the engine temporarily fell into disrepute in Germany, 
continued their labors, and much credit for the successful outcome 
of the Diesel, usually attributed to German firms, actually is 
due to the activities of the British manufacturers. * 

The Diesel was introduced into the United States by Adolphus 
Busch of St. Louis. The first American Diesel engine was 
2 
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completed in 1898, being of the two-cylinder vertical A-frame 
design, and developed 60 hp. A photograph of this engine 
appears as the frontispiece. The early history of the Diesel 
engine in America was one of di.sappointment, part of the adverse 
criticism of the engine that is encountered even now is the result 
of the policies of the early firms who attempted to follow gas-engine 
design of a character ill adapted to the conditions peculiar to 
Diesel-engine operation. During the past 10 years some twenty 
American engine builders have taken up the manufacture of the 
engine; the designs, in the main, follow European practice. 

Diesel Marine Engine.—It is for marine work that the Diesel 
I)OHscsscs many favorable characteristics. The first marine 
Diesel was constructed in 1903 by French engineers for use on a 
canal boat. This particular engine was single cylindered with 
oiijjoscd pistons and worked on the four-stroke cycle. While 
French firms produceil a considerable horsepower of the marine 
engines, the greatest development occurred in Russia whore the 
demand for river-boat engines stimulated the activities of the 
Diesel builders. Credit must also be given to Nobel Bros, of 
Petrograd for the jjroduction of the first Diesel for submarine 
service in 1908. This phase of Diesel manufacture has received 
groat attention since 1914, and undoubtcrlly the greatest improve¬ 
ments in design have occurred on the submarine engine, espe¬ 
cially as to large output per unit cylinder volume. During the 
World War the outimt of high-speed marine Diesels, both for 
surface and submarine service, was enormous. It has been stated 
by a high authority that 500,000 hp. of this type of engine was 
furnished to England, while the total submarine Diesel horse¬ 
power of United States is in the neighborhood of 150,000 hp. 

While of late years engines have been built having a capacity 
of 2,000 hp. per cylinder, the American operator is actually 
concerned in engines ranging below 2,400 hp. per unit. As a 
consequence, attention tor the most part will be centered on this 
class of engines. 

The Ackroyd Cycle.—The engineer will observe that the engine 
now marketed as the Diesel does not follow Dr. Diesel’s theories. 
Since Charles Ackroyd Stuart, long before Diesel’s treatise, had 
patented an engine in which the air charge only was compressed 
in the cylinder, the fuel being introduced by a pump, gasified, 
and ignited by the heat contained in the air charge although 
assisted by a hot vaporizer, it would seem that the cycle could 
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«! quite properly be termed the Ackroyd Cycle. True, Stuart 
employed a low compre-ssion pressure and depended upon the 
hot walls of the vaporizer to raise the temperature to the ignition 
point of the fuel, but he was the first to advocate the compression 
of pure air and the ignition of the fuel by the cylinder tempera¬ 
ture without the aid of an electric spark. Having made his 
engine prior to Dr. Diesel’s work, there arc many who claim 
that the latter used the .4ekroydengine as the basisof the llational 
Heat Motor. 



CHAPTER III 


THE DIESEL CYCLE 

The Diesel Principle.—As has been outlined in Chapter II the 
chief point which distinguishes the Diesel from other forms of the 
internal-combustion engine is the compression of a charge of air 
until the resulting high temperature is sufficient to ignite the fuel 
without the aid of any external object. The fuel is forced into 
the cylinder by a blast of high-pressure air coming from an air 
compressor. 

At the present time there are a number of oil engines manu¬ 
factured both here and in Europe which, while using a fairly 
high compression, sufficient to secure ignition of the fuel, do not 
operate on the Diesel cycle but on what is a combination of 
combustion at constant volume (the Otto Cycle) and at constant 
pressure (the Diesel Cycle). These engines do not make use of 
an air blast as the means of oil injection, but deircnd, instead, on 
a direct pump action. For this reason, they are familiarly 
known as the “Solid-injection” oil engine and have also been 
called “Dual Cycle” engines on account of the constant volume 
and constant pressure combustion. This type ■ of engine is 
treated in Chapter XX. 

The features which set the true Diesel apart from other oil 
engines are: (a) Compression sufficient to produce auto-ignition 
of the fuel; (6) injection of the fuel by an air blast; (c) combustion 
with practically no change in pressure from the maximum com¬ 
pression pressure. 

Cycle of Events.—Figures 8 A to D show the valve action and 
the conditions existing in the engine cylinder when the piston 
is at different points in the engine cycle. The pressure in the 
cylinder at any point in the piston stroke is indicated in Fig. 8 
F while Fig. 8 E shows that part of the crank circle swept by the 
crank during any of the several events in the engine cycle. 

Figure 8 A covers the suction, or admission stroke of the piston. 
The admission, or air-suction, valve at J has opened at the point 
0 just before the piston has reached upper dead center. 
This valve remains open from the point a to the point 
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b during which time the piston moves downward, draw¬ 
ing in a cylinder charge of air, reverses and starts to move 
upward. This docs not mean that the piston pushes part of the 
air charge back out through the admission valve. In operation 
the rush of the air through the air valve continues even after 



Fio. 8.—Cylinder events of a four-stroke-cycle engine. 

the piston starts upward. The momentum of the air causes it to 
“pile up” in the cylinder; in this way the amount of air entering 
the cylinder is actually greater than if the valve had closed at 
bottom dead center. This admission stroke is shown in Figs. 8 
E and F; in the latter the indicator diagram shows this line as 
being slightly below the atmospheric pressure line xy. In Fig. 8 
B the admission valve J has closed at b and the pure air charge 
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is compressed by the piston up to the point g, which is top dead 
center. This process is covered by the compression lino be 
on the indicator diagram in Fig. 8 F. Tlie clearance volume is 
very small, and the maximum or final compression pressure rises 
to some 450 to 550 lb. per square inch. The work done on the 
air charge in compression causes the temperature to rise to a 
final temperature of 900 to 1,400 deg. F., the air being in a red-hot 
condition. 

At the point c in Fig. 8 C the injection valve K opens, and a 
charge of fuel is blown into the cylinder by means of a blast of 
high-pressure air. The fuel-injection valve or spray valve, as 
it is often called, is designed to cause the rate of flow through the 
valve to be regulated so that the entire oil charge is not injected 
instantaneously, but takes place while the engine crank turns 
through a considerable angle. In Fig. 8 C the injection of fuel 
starts when the crank is at c and ends when the crank is at d. 
In Fig. 8 F the line cd represents the fuel admission and com¬ 
bustion period, and the desired condition is attained when the 
line cd is practically horizontal, showing that the rate of heat 
addition is such that there is no increase in the cylinder pressure. 

The injection and the combustion of the fuel ceasing at 
the point d, the piston continues to the end of its stroke under the 
influence of the expanding gases. Before the completion of the 
stroke the exhaust valve L opens when the crank is at e. This 
allows the gases to rush out through the exhaust passage. The 
exhaust valve continues to remain open until the piston again 
ascends to the top of the cylinder, expelling all the exhaust gases. 
This part of the cycle is shown in Figs. 8 E and 8 I) as continuing 
from e to/. In Fig. 8 F this forms the exhaust ef. Before the 
exhaust valve L closes, the admission valve opems at n. allowing a 
fresh air charge to be inducted into the cylinder during the stroke 
shown in Fig. 8 A. 

These events complete the cycle of the four-stroke-cycle 
Diesel. From a practical viewpoint the differences between the 
Diesel and the gas engine are that in the Diesel nothing but pure 
air is compressed in the cylinder and that the fuel is forced into 
the cylinder slowly, causing the combustion to be gradual; in 
the gas engine both the gaseous fuel and the air arc compressed 
and the combustion takes the form of an explosion. 

Summarizing, the Diesel four-stroke cycle consists of (1) a 
suction stroke during which a charge of pure air is drawn into 
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the pylindor; (2) a compression stroke wherein this air is com¬ 
pressed by the piston to a maximum pressure; (3) a period of 
injection and coml)uslioi> of a charRC of fuel and tlie expansion of 
the gases, this being fin; working stroke of the piston, and (4) 
an exluuist stroke by means of wliieh the burnt gases are expelled 
from the cylinder. 

The Suction Stroke. -The air charge should bo drawn into the 
cylinder at atmospheric pressure (zero gage, or 14.7 lb. absolute). 
Since the only reason air or any gas flows from one point to another 
is a difference in pressure, it follows that the pre.ssure in the cylin¬ 
der must be somewb.at below that of the atmosphere if the air 
charge is to flow in and fill the cylinder. If there is a direct 
passage into the cylinder, this difference in pressure need be 
but a few ounces. Where a long air-suction lino is u.scd, such as 
installations with the air line leading from outside the building, 
the drop may easily reach 2 lb. This woulil give a pressure at the 
beginning of compression of 12.7 lb. in place of 14.7 lb. 

On starting a cold engine the temperature of the air after 
reaching the cylinder, is at most no higher than that of the air 
of the building. The pressure drop, mentioned above, results 
in a temperature dro]), and the cylinder air may be 10 deg. lower 
than the room temperature. In the cylinder into which the 
high-pressure air is turned in starting the engine, the expansion 
of this air will cause the cylinder to chill slightly. Upon shutting 
off the starting air, the suction air for .several revolutions may be 
extremely cold from the absorption of its heat by the cold cylinder 
walls. 

The Compression Stroke.—The purpose of the compression in 
any internal-combustion engine is to raise the pressure and the 
temperature of the air charge, or in case of a gas or gasoline 
engine the mixture of gas and air. It has been found that the 
efficiency depends upon the compression ratio and the tempera¬ 
ture at the beginning and end of the compression stroke. 

The compression pressure in the Diesel engine depends upon (1) 
the attainment of a satisfactory efficiency; (2) the securing of a 
temperature sufficient to produce self-ignition of the fuel and 
air charge, and (3) the mechanical construction of the machine. 

Experience has demonstrated that the increase in thermal 
efficiency by increase of compression pressure above 500 lb. per 
square inch is too small to overcome the disadvantages from 
constructional and operating viewpoints. It is customary to 
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carry a maximum compression of 480 to 520 lb., although in 
certain high-speed and two-stroke-cycle engines pressures up to 
600 lb. are not unusual. Since the compression temperature 
must be above the ignition point of the fuel, there is a minimum 
pressure possible to employ in the true Diesel. 

The temperature of the air charge at the end of the compression 
stroke must be high enough to ignite the fuel. If no heat was 



Fi( 3. 9.—Relation of temperature and pressure during compression. 


lost to the cylinder walls—that is, if compression was adiabatic— 
the relation of the pressures and temperature at the beginning and 
the end of the compression stroke would be expressed by the 
equation, 

Ti = /Pi\ n 

T, \PJ 

in which 

Ti = Temperature at the beginning of compression in deg. 

absolute (460 -|- F. reading); 

Ti = Final compression temperature; 

Pi = Final compression pressure, lb. absolute; 

Pi = Initial pressure; 
n = 1.408. 
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This relation is shown in Fig. 9 by the curve marked adiabatic. 
There is a loss of heat during compression and e.xpansion. By 
reason of this compression is not adiabatic, but is fairly repre¬ 
sented by the expression with a value of n of 1.35. This 
relation is shown by the second curve in Fig. 9. 

The relation of the volumes and temperatures are shown in 
Fig. 10 when V, = the volume before compression and = 
clearance volume. 

The Combustion Period.—The fuel valve closes after the piston 
has traveled about 10 per cent of its stroke, the crank moving 



Fig. 10.— Volumo temperature relation. 


about 40 deg. of its cycle. The fuel and air mixture theoreti¬ 
cally should be completely burnt by the end of the fuel injection, 
but in the actual engine the combustion continues far down the 
expansion line. 

While the Diesel is spoken of as a constant-pressure engine— 
that is, the heat is added at constant pressure—it is seldom that 
an indicator diagram from an engine in every-day service shows 
a horizontal combustion line. A sloping line is customary and 
has been found to give a higher efficiency. With the ideal 
horizontal combustion line, while the pressure is constant, the 
temperature rises from a final compression temperature of, say, 
1,200 deg. to some 2,700 to 3,500 deg. F. 
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At the beginning of this fuel-combustion period the opening 
of the fuel valve is followed by a slight time lag before the fuel 
enters the cylinder and ignites. This lag is due to the inertia 
of the fuel resting in the fuel valve, to the resistance of the atom¬ 
izer disks, and to the slowness of ignition after the oil is in the 
cylinder. This delay in ignition depends upon the compression 
pressure and temperature and upon the pressure of the air spray. 

The Expansion Stroke.—After the fuel valve closes theoreti¬ 
cally, combustion should be at an end. The burnt gases now 
expand, forcing the piston outward and so increasing in volume 
and decreasing in pressure. 

The Exhaust Period.—In the actual engine the exhaust valve 
opens before the end of the stroke, approximately 50 deg. ahead 
of crank dead center, or about 10 per cent of the stroke. The 
energy lost by early release is negligible, and if the release is 
delayed until dead center, the drop in pressure will be carried on 
during the part of the exhaust stroke, making the negative work 
of the exhaust stroke greater. 

The temperature of the gases, when first issuing through the 
exhaust valve, is around 1,000 deg. F. This temperature does 
not exist beyond the valve since the pressure drop is accompanied 
by a temperature drop. The exhaust temperature will range 
from 400 to 750 deg. F. 

The return stroke of the piston forces these exhaust gases out 
through the exhaust line, the gas temperature falling considerably 
during this stroke. There is, however, the clearance volume, 
which is filled with burnt gases when the piston reaches the end 
of its stroke. To remove this volume of inert gas, it is customary 
to allow the exhaust valve to remain open somewhat after the 
piston completes this stroke, reverses, and starts on the suction 
stroke. The admission valve is open ahead of dead center, 
and the momentum of the column of exhaust gases causes the 
flow to continue even after the reversal of the piston, creating a 
partial vacuum into which the fresh air rushes. 

Schematic Layout of the Diesel Engine.—Figure 11 embodies 
the schematic arrangement of the essential mechanism of a Diesel 
engine. In this particular instance the engine is of the horizontal 
type operating on the four-stroke-cycle principle. The engine 
crank is represented with its center at 0, and the crank revolves 
clockwise. To the crankshaft is geared a layshaft A which 
revolves at half engine speed. On this layshaft are mounted the 
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cams used to actuate the exhaust, admission and fuel-injection 
valves, which are operated in the sequence outlined in Fig. 8. 
The fuel pump is driven off the layshaft A, the amount of fuel 
charge being under control of the governor. The fuel is deposited 
in the fuel valve C, out of which it is forced by the air charge at 
the proper moment. The air blast is supplied by the air compres¬ 
sor D, which is driven by a crank on the end of the engine shaft. 
In this diagram the air line is not supplied with a receiver or 



air bottle, and the air is delivered directly from the compress or 
to the fuel valve. 

The parts enumerated are the essential parts of the Diesel 
engine. However the arrangements may differ, it is necessary 
that the unit include an air compressor, fuel pump, governor, 
camshaft and injection or fuel valve in addition to those parts 
generally found on an internal-combustion engine. 

Cylinder Events of a Two-stroke-cycle Diesel.—Figure 12 
represents the working diagram of a two-stroke cycle. In 
Fig. 12 F the air charge is compressed from b to c. The fuel is 
injected when the piston reaches top dead center and the piston 
forced downward on the working stroke, making the lines cd 
and de, Fig 12 C; at e, Fig. 12 D, the piston uncovers passages or 
ports in the side of the cylinder through which the exhaust gases 
pass. As the piston moves downward to the point a, scavenging 
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valves in the cylinder head open, and a charge of pure air, which 
has been compressed in a large air pump or compressor to about 
4 lb., blows into the cylinder, clearing it of all exhaust gases. At 
6, or slightly before this point, the scavenging valve closes, and 
as the piston moves upward, it seals the exhaust ports at the 



Fio. 12.—Cylinder events of a two-stroke-cycle Diesel. 


point 6. Continued upward motion compresses the air charge 
until upper dead center is reached, whereupon the cycle is 
repeated. In some engines the scavenging valves in the head are 
replaced by a row of air ports which are uncovered by the piston 
at the end of the expansion stroke. The air flowing in through 
these ports clears the cylinder of the exhaust gases. 
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CHAFFER IV 

DIESEL ENGINES OF THE IHHTED STATES 

Classification.—The Diesel engines may be separated into 
stationary and marine engines according to the service. This 
classification may be open to objections .since a number of 
engines arc used both for stationary and murine service with but 
little alteration, such as, in the governor arrangement, flywheel, 
and fuel control. Xovertheless, there is a broad difTerenco in 
the two classes of engines. 

A second natural grouping is the division of the engines into 
two-stroke-cyclo and four-strokc-cyclc. If the matter is carried 
further, wc obtain a classification as to design, horizontal and 
vertical, and also as to speed, the division being medium- and 
low-speed. The latter class includes speeds up to 150 r.p.m., 
and the former, 150 to 250 r.p.m., although it is probable that 
the building of engines of 300 toGOOr.p.m. calls for high-,medium- 
and low-speed classes. 

The complete classification will result in a chart as in Table I. 

Table I.—Diesel-enoine Classification 


stationary Murine 



Four-cycle 'I'wo-cycic Four-cycle Two-cycle 



Vertical Horizontal Vertical 



Single- Double- Single- Single-acting Double-acting 
acting acting acting I I 


Speed_ I Speed 


Slow 
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Classification by Cycles.—The engines built in the United 
States, as separated aecording to the cycle upon which they are 
operated, two-stroke- or four-stroke-cycle, are shown below. 


Tadle II,— Buii.nEK’s Ciassification 


Fouii-srnoKK- 

CYCLE 1)IE8RI,>4 

Two-htrokk- 
CtCLB 1)JE»KI-M 

Fulton 

Nordberg 

Snow 

Standard 

Allie-Clialnicrs 

Busch-Sulzer 

Jiusch-Sulzor 

MclTitosh & Seymour 

Do La Vergne 

Winton 

New Ijondon (Nelsco) 

Pacific 

Craig 

Bethlehem 

Oamps 

Worthington 

Dow 


Otto 

New York Sliiplmilding 

National Transit 

Ivombard 

McEwen 



In Table III are shown the engines of the several Diesel manu¬ 
facturers separated as to type and service. 


Table III.— Sebvicb Classification 


Stationary 
American Diesel 
Busch-Sulzer 
Snow 

McIntosh & Seymour 

Allis-Chalmcrs 

Fulton 

McEwen 

National Transit 

Standard 

Do La Vergne 

Nordberg 

Dow 

Winton 

Now London 

Otto 

Lombard 

Bethlohem 


Mauine 
New London 
McIntosh & Seymour 
Busch-Sulzer 
Pacific 
Craig 
Cramps 
Winton 
Nordberg 
Bethlehem 
Worthington 
New York Shipbuilding 
Dow 
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Table IV.— Classification by Frame Design 

Vbbtical 

Nordberg 

McIntosh & Seymour 
Fulton 
Worthington 
Busch-Sulzer 
Standard 
Pacific 
Now London 
Snow 
Craig 
Cramps 
Win ton 
Dow 

New York Sliipbuiliiing 
American Diesel 

Diesel Engines Built in the United States.—Before discuss¬ 
ing to any great detail the several engines built in this country, 
the author has taken the liberty to give short thumb sketches of 
each engine. This is with the idea of allowing the reader, if unac¬ 
quainted with the industry, to gain a mental picture of the 
general appearance of the product of each manufacturer. 

Stationary Diesel Engines.—Since stationary Diesels are in 
the majority, this type will be discussed first. 

American Diesel Engine Company.—This company was the 
pioneer Diesel engine company in the United States. At the 
present time there are many installations of the American Diesels 
which have bc^en in operation for fifteen to eighteen years, though 
they have in many instances been replaced by units of modern 
design and are kept for standby service. For this reason the 
engine is mainly of historical interest although there is more 
demand for experts to adju.st and repair these engines than any 
other. This, of course, is because the engines have been in service 
for such lengths of time that extensive overhauls and rebuildings 
are necessary. 

Figure 13 is the cross-section of the American engine. Even 
to the experienced it is evident that the builders largely followed 
accepted gas-engine designs in the general construction of this 
unit. The frame was of the box type and was reinforced by 
tension rods to absorb the working stress. The cylinders, of 
which there were three per engine, were cast integral with the 
jacket walls. The valves were located at the side of the cylinders 


HoRICONTAt, 

Snow 

Allis'Chaliiicrs 
McEwen 
Do La Vergrie 
OttA) 

National Transit 
Standard 
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quite like the gas engine practice of 20 years ago. The.box 
frame was entirely enclosed, though provided with side doors, 
and oil and water splash lubrication was used. The camshaft 



was carried inside of the frame in bushed bearings bolted to the 
interior of the frame; the gear reduction was 2 to 1, with an idler 
pinion between the camshaft and the crankshaft gears. The 
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various parts will be discussed in succeeding chapters as will also 
the parts of other engines. 



I'kj. 14.—520 hp. Husrh-Sulzer Type ii Diesel. 


The engine, when first introduced, was of a type unknown to 
the American engineer and, like all new machines, suffered at the 
hands of ignorant and unskilled laborers. Probably no prime 
mover ever experienced the manhandling accorded this oilengine. 
Scores of cylinder-head stud bolts were twisted off under the 
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efforts of brawny laborers using a heavy wrench and sledge. As 
faulty as the engine was, it is highly probable that it would have 
been more successful under the attention of skilled operators. 
It should not be presumed that all these engines have been 
scrapped. To the contrary, the majority are in daily operation 
for a few hours a day, while scores are on light work. As an 
example, one engine has been in constant service 20 hours per 
(lay since 1905. 


1 



Fio. 15.—750 hp. Busch-SuUer two-stroke-cycle Diesel. 


These original engines, however, served the useful purpose of 
giving many Diesel engineers experience and caused American 
engineers to think in terms of the Diesel engine. Later-day 
manufacturers should, for this reason, have a grateful feeling 
toward this pioneer. 

Busch-Sulzer Bros. Diesel Engine.—This company represents 
a reorganization of the American Diesel Engine Co. In the 
design of the Type B four-stroke-cycle stationary engine the 
experience of their Swiss associates, Sulzer Bros., has been drawn 
upon. The engine, a view of which appears in Fig. 14, has four 
working cylinders, while the air compressor is mounted on the 
engine frame and has much the appearance of a fifth cylinder. 
The frame is of two-piece construction, the base carrying the 
shaft bearings The upper portion of the frame rests on the base 
and is tied to it both by base stud-bolts and tension bolts or tie 
rods. 
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The camshaft is mounted close to the toj) of the cylinder and 
is driven by a vertical drive shaft, which also carries the governor. 
The camshaft is entirely enclosed, the cams working in an oil 
bath. Doors provide access to the various parts. The valve 
mechanism has incorporated with it a servomotor, which controls 
the injection jKiint and the air-injection pressure. The cam 
housing also includes the support for the fuel pumps which are 



Fig. 16.—500 hp. McInto.''h & .Soymour Diesels, Texas Light and Power (Jo., 
Paris, Texas. 

driven from off the vertical cam drive shaft. This company 
builds its larger engines on the two-strokc-cyclo principle, as 
shown in Fig. 15. 

McIntosh and Seymour A-frame Diesel.—The McIntosh and 
Seymour Corp. secured the American license of the Akticbolaget 
Diesels Motorer (Swedish Diesel I'mginc Co.) of Sweden. Fol¬ 
lowing the practice of the Swedish manufacturers the American 
firm first made use of the A-frame design. 

As outlined in Fig. 16 the engine frame or base is a low box 
section casting some 12 in. in height. This frame rests directly 
on the foundation. To the base are bolted the A-frame castings. 
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which arc of cylindrical form at the top to receive the cylinder 
liner, in this way acting as the cooling jacket outer walls. In the 
500 hp. unit there are four cylinders and A-frames, while the air 
compressor is mounted in line with the power cylinders on a similar 
A-frame but of much lower height. The 1,000-hp. unit has six 
cylinders and frames. 

The camshaft is carried at a level with the cylinder heads and 
is driven by a vertical shaft and bevel gears; the shaft carries the 
governor while the fuel pump is supported on one of the cylinder 
castings. 



The McIntosh & Seymour Corp. has abandoned the A-frame 
engine for stationary work and arc centering their manufacturing 
facilities on the box-frame engine. Beyond the frame itself, the 
engine has been modified in no great way, the details of valves, 
governors, etc., remaining as before. Figure 17 is a view of the box- 
frame engine. These engines range in size up to 1,000 b.hp., 
which unit is of six-cylinder construction. 

McIntosh & Seymour Large Diesels.—This company builds 
a crosshcad type vertical Diesel in sizes ranging from 750 to 
2,200 hp. This engine, illustrated in Fig. 18, has the camshaft 
running alongside the engine at a level with the cylinder bases, 
the camshaft being driven by a train of spur gears from the engine 
shaft. 
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Tho valves are actuated by roeker arms and reaehrods. The 
reaelirods carry rollers which contact with cams on the cam¬ 
shaft. The valves are in no way different from those of the typo 
A engine 

The cylinders are supported by box girders consisting of a 
frotit and rear column cast together with a top ciws member. 
One of these frames supports the adjacent sides of two cylinders. 



Tio. IH.—750 hp. McIntosh & Seymour crosshcad-typo Die.scl. 


Worthington Pump and Machinery Co. Diesel Engine.—'Phis 
corporation manufacturers, at the Snow Works, a Dioscl-typc 
engine under the name of “The Snow Oil Engine.” This engine, 
which is of horizontal con-struction, is manufactured in units from 
65 to 800 hp. It does not follow standard American Diesel 
practice for medium-powered engines in that a crosshead is used 
in preference to a trunk piston. This nccessitat(‘s tho lengthen¬ 
ing of the frame. 

The main frame, Fig. 19, is of box section with both longitudi¬ 
nal and transverse ribbing. The single and twin-cylinder units 
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have a one-piece frame, while the frame of the three-cylinder 
engine is of two-part construction to facilitate shipping and 
erection. As seen by Fig. 19, the frame is extended to form the 



Fio. 19.—Snow horizontal Diesel. 


cylinder cooling jacket; the liner is separate and is a press fit 
into the jacket housing or casting. The air charge for the engine 
cylinders enters the frame at one side of the crankcase and flows 
along the frame before passing through the admission valve. 



The air compressor is mounted on the engine frame and'is driven 
by a crank keyed to the engine shaft. The valves are controlled 
by a camshaft placed transversely in front of the cylinder head; 
this shaft is driven through bevel gears by a layshaft at one side 
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of the engine. This latter shaft also drives the governor and fuel 
pumps. 

Snow Vertical Diesel.—The Worthington Pump and Machinery 
Corp. has designed a line of vertical trunk type engines for station¬ 
ary service at the Snow Works. The 750 hp. unit is shown in 
Fig. 19^1. The frame is of the one-piece box type andismounted 
on a cast-iron subbase. The cylinders rest upon the top surface 
of the bed. The camshaft lies along the cylinder tops, the valves 
being driven by their respective cams by short rockers. 

Allis-Chalmers Diesel Engine.—The frame is of the box tyi)e, 
Fig. 20, and is so designed as to allow the engine shaft to rest 



Fic, 20.—Allis-Chalmors Diobol. 

deep in the bearings. This gives the engine a low center of 
gravity, making it rigid and fairly free from vibration while in 
operation. 

As with practically all horizontal Diesels the frame forms the 
cylinder jacket, while the liner is held in place by a flange at the 
head end. The valve mechanism is driven off the longitudinal 
layshaft, which also handles the governor and fuel pump. In 
later engines a camshaft is run across the front of the cylinder 
heads and driven by the layshaft. The Allis-Chalmers engines 
are manufactured in single-, twin-, triple- and quadruplc-cylind(!r 
units. The single and twin engines are both built with a one- 
piece frame. The triple-cylinder unit consists of a single and a 
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twin engine with the flywheel between the two engines, tlie two- 
piece shaft being flanged and bolted to the wheel hub. The 
(luadruplc-cylinder engine Ls obtained by using two twins with 
the flywheel between the two frames. 

National Transit Pump and Machine Co. Diesel Engine.—The 
engine manufactured by this company was of horizontal design, 
as outlined in Fig. 21, which brings out the massive line.«, particu¬ 
larly those of the bearing housing footings. The engine was 
built inonc-iind two-cylinder units. As usual with thehorizontal 
design, a layshaft is employed to control the valve mcchani.sm, 



Fi(i 21 —National Tran^t engine. 


as well as to drive the pump and governor. Not a great number 
were built (appro.ximately 15), and the manufacturers centered 
their activities upon the construction of oil-pipc-linc-pumps which 
have always been their chief product. 

McEwen Bros. Diesel Engine.—This company was one of the 
early firms to embark upon Diesel-engine manufacture. The 
engine closely resembles other American units, being of the hori¬ 
zontal design. Fig. 22; the cylinder liner is pressed into the jacket, 
which is a part of the frame. The piston is of the standard trunk 
design. The valves are vertical, and both adrakssion and exhaust 
valves are provided with cages. The valves are controlled by 
separate eccentrics while the injection valve is actuated by a 
cam. The air compre.ssor, which is two-stage, is driven by a 
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Fio. 23—De La Vergnc F. D. Diewl 
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crank extension of the engine shaft. No air storage is employed, 
a small bottle being placed in the air discharge line to absorb the 
air pulsations. A dozen or more of these engines were built, and 
the company then engaged in the building of semi-Diesel engines. 

De La Vergne Machine Co. Diesel Engine. —The De La Vcrgne 
Machine Co. has been manufacturing oil engines of the low- 
pressure and the semi-Diesel types for a number of years. In 
1918 they brought out their Type FD engine, which operates 



Fia. 24.—Fulton-Dioscl. 

on the true Diesel cycle. The engine, which appears in Fig. 23, is 
of horizontal design, and embodies the use of a very rugged 
frame. The camshaft is borne in bearings in front of the cylinder 
head and is driven by the longitudinal layshaft through bevel 
gears. The valves lie horizontally and are actuated by short 
cam levers. The fuel pump and governor, which arc driven by 
the layshaft, arc similar to those used on the Do La Vergne FH 
engine and are the result of a number of years of experience. 

The development of the solid-injection engine induced this 
firm to abandon the air-injection engine, and it now builds only 
semi-Diesel and solid-injection oil engines. The latter engine is 
discussed in Chapter XX. 

Fulton Iron Works Co. Diesel Engine. —-The Fulton Works Co. 
has an Italian Tosi license to build stationary Diesels. The 
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engine illustrated in Fig. 21 is of the A-fraruc type with the 
cylinder liners pressed into the frame housing. The camshaft 
runs along the side of the cylinder heads and is driven by a verti- 



I'lG. 2.^ —AVinton eiigine-genonitor set. (Six cylinders. 7*-j X U in , -l.'rO r p m.l 


cal drive-shaft to which is also geared the governor. The 
engine has some features (piite dilTerent from other American 
Diesels. The governor controls the stroke of the fuel pump 


r 



Fia, 20.—Dow-Willans Itiescl. 


plunger rather than the period of lift of the suction valve. The 
air starter embodies no mechanically operated air valve as is 
standard with other engines. A distributor mounted on the 
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camshaft allows the starting air to pass to the proper cylinder. 
The Fulton engine is built in sizes from 120 to 750 hp. 

Winton Engine Co. Diesel Engine.—The Winton Engine Co., 
the founder of which has been prominently identified with the 
automobile industry for many years, in 1918, brought out a 
vertical high-speed Diesel engine, in the design of which is 
incorporated a number of new ideas. Figure 25 shows an exterior 
view of the engine direct connected to a generator, which arrange¬ 
ment is also followed in the marine engine with the propeller 
motor-driven. 



Dow Pump & Machinery Co. Diesel Engine.—The American 
rights of the Willans Diesel, an English engine, were acquired 
by the Dow Pump Maehiriery Co. The engine is of the vertical 
A-frame type and was used for both stationary and marine 
service. No unusual features distinguished the unit from others, 
with the exception of the use of the Reavall compressor which as a 
separate unit is connected to the crankshaft extension. 

Otto Engine Co. Diesel Engine.—The Otto Engine Co. has 
long been engaged in the manufacture of gas and gasolene engines 
and has built a few Diesels. These units follow the general 
design of the horizontal Dcutz Diesels, although much of the fuel 
valve and pump is original. 

Atlas-Lyons Diesel Engine.—Although only five Atlas-Lyons 
Diesels were buitt, the engine is shown in Fig. 27A as a matter of 
historical interest. The main bearings were provided with 
wedge adjustment; piston-water cooling was used and the fuel 
spray entered the combustion chamber at an angle. As far as 




I'lo. 27A.—Lyon-5-Atlas engine. Ongjmil design. 


Lombard Diesel.—Figure 28 illustrates the vertical four-stroke- 
cycle Diesel manufactured by the Lombard Governor Co. This 
engine is somewhat a departure from current American design. 
The base is of the box type, supporting the cylinders. Each 
cylinder is cast in one piece with the cylinder head, in this way 
avoiding the use of a gasket as is usual at the juncture. A still 
more important advantage claimed by builders is that the con¬ 
struction eliminates the thickening of the metal at the top of 
the cylinder. It is generally recognized that this thick section 
has caused trouble by reason of excessive heating. 
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The layshaft runs along the top of the engine and is driven by 
the vertical governor shaft. The valves are set into the cylinder 
head at an angle, while the fuel valve enters vertically on a lino 
with the cylinder bore. The oil is sprayed horizontally into the 
narrow space between the piston and cylinder head. 

At the present time the builder is making radical changes in 
the design. 



l-'iG. 28.—Lomliiud Dicbcl. 


New London Stationary Diesel.—The New London Ship & 
Engine Co. entered the stationary field recently although they 
have manufactured marine Diesel for years. The 600 hp. New 
London four-stroke-cycle unit is shown in Fig. 29. The engine is 
provided with a box frame which rests on a girder subbase. The 
Jrame is extended to form the jacket for the cylinder liners which 
is pressed into the jacket, being sealed by a rubber gasket at the 
lower end and by a flange at the upper face. 

The combustion space, unlike that in many engines, does not 
consist of a flat cylindrical volume between a flat piston head 
and a flat cylinder head. To overcome the objectionable feature 
of this type of combustion chamber, which presents a large cooUng 
area per unit of volume, the New London engine has the combus¬ 
tion space located in the cylinder head. This gives a maximum 
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combustion volume per unit of surface area. The cooling effect 
is reduced, and since the air charge is concentrated about the fuel 
valve, the mixing of the fuel and the air is improved. 

To operate the several valves, a layshaft is placed along the 
engine at a level with the top of the cylinders. This layshaft 
carries the required valve cams and is driven by a train of gears 
from the crankshaft. 



Fia. 29.—Now London 600 hp. unit. 


Two-stroke-cycle Stationary Diesels.—The American manu¬ 
facturers, with but few exceptions, have adopted the four-stroke- 
cyclc engine. In this they were undoubtedly influenced by the 
greater freedom from operating difficulties which this type, 
possesses over the two-stroke-cyole as built several years ago. 
At present the majority of the large stationary engines arc two- 
stroke-cycle and are as reliable as a four-stroke-cycle unit. 

The two-stroke-cycle, chiefly on account of the lighter weight 
per horsepower, has been in favor in marine work. It has not 
won complete possession of this field, and at present the swing is 
strongly toward the four-cycle. For the small-powered boat 
under 200 hp. rating and for the large motorships calling for 
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engines of 2,000 hp. or greater, the two-stroke-cycle engine is 
better adapted than is the four-stroke-cycle. This applies 
('.specially to submarine boats, even though the latter engine is 
more poindar in this field at the present time. 

Nordberg Two-stroke-cycle Diesel Engine.— The Nordberg 
Manufacturing Co. obtained the rights to build the (,'arels 
(Belgium) two-stroke-cycle Di('sel.s. The Nordberg Co. dis¬ 
played a great deal of Imidness in building 1,200 hp. Die.sels even 



Fig. 30. -Noidbcrg Typo F.D. 2,000 hp. erifiine, 


though the other Aimn'ican firms were loath to offer engines 
larger than 500 hp. As a demand existed tor larger units in the 
mining field, Diesels of 2,000-b.hp. capacity each were built by 
the Nordberg Co. and put into service a considerable time before 
other manufacturers discerned the drift toward large units. 
Up to the present time eight 2,000 hp. units have been placed in 
active service in the mining industry. While the total horse¬ 
power output of Nordberg Diesels does not equal that of three 
other firms, their engine ca|)acity in units above 1,000 hp. places 
this company in the front. The large Nordberg engines are 
somewhat unusual having four cylinders rather than six as is 
customary with other large Diesels of 2,000 hp. This engine 
appears in Fig. 30. 
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Nordberg Type V.E. Diesel.—A two-stroko-cycic Diesel of 
small horsepower, 110 hp. per eylimh'r has been built and 
developed l)y the Nordberg Manufacturing Co. Tlio engine 
is of slow speed and is nicely adapted for standard sizes of 
alternating current and direct current generators. It is a two- 
stroke-cycle port-scavenging crosshoad type engine with open 
frames, .so that th<' reciprocating parts arc readily accessible. 



Fia. 31.—Nordberg I'ypo ^ iwo-slroko-cyilo Dic.-^ol. 


The engine has a direct-driven three-stage air compressor and a 
double-acting air pump to furnish the necessary starting, blast 
and scavenging air. (Compressor and scavenging pumps arc 
driven by separate cranks from the crankshaft. Water cooling 
is provided for the cylinders, cylinder heads, crosshead guides, 
pistons and exhaust pipes. 

The cylinder and frame are cast in one piece and a liner is 
fitted in to form the cylinder proper. The liner is easily remov¬ 
able and heavy enough for reboring. The cylinder head is made 
of special cast iron and is designed to make a symmetrical casting 
of as near uniform thickness as possible. The only opening in 
the head is the one for the fuel atomizing and starting valves. 
The piston is of the two-piece type, the head is water cooled and 
contains the piston rings, while the trunk which is attached to the 
lower end of the piston head is fitted comparatively loose to 

4 
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eliminate any danger of seizing; this construction being possible 
only with the engine of crosshead type. 

Standard Two-stroke-cycle Diesel.—The Hadfield-Penfield 
Co miiiuifactnres the Standard two-stroke-cycio Diesel in both 



[Fio. 34.“Southwark-Harri3 two-stroko-cyclo Diesel, 

vertical and horizontal types. The Standard was the first two- 
stroke-cycle Diesel built in the United State.s, and considerable 
credit is due to the manufacturer and to the designer that they 
persisted in holding to the two-stroke-cyele principle in the face 
of the general adoption of the four-cycle idea. 
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Originally tho Standard was built only in the horizontal type, 
h'ig. 52, but in 1921 the vertical design, Fig. 33, was brought out, 
and this is the type now offered for .sale in general. 

The Southwark-Harris Diesel Engine.—The Southwark 
lb)undry & Machine (,’o. manufactured a limited number of two- 
strokc-cycle engines that wore applicable both for stationary 
and marine work. Thi.s engine, a cross-section of which is shown 
in Fig. 34 is of vertical design and has cylinders ranging in 
number from four to eight, dependent on the horsepower rating 
and is here described briefly since it is no longer made. 

Busch-Sulzer Bros. Two-cycle Diesel.—As mentioned hereto¬ 
fore, this (K)mpany manufactures all of its (‘tigines above 500 
hp. to operate on the two-stroke-cycle. One of the engines is 
shown in Fig. 15. 


Marink DtnsKL Eniiines 

General.—The Diesel engine is especially attractive as a 
marine prime-mover since its fuel consumption by weight is 
approximately one-fourth that of a steam plant. This advantage 
is not solely one of lower fuel costs but includes the item of 
lessened bunker space. The cargo room of the motorship is much 
greater than that of a steamer of the same tonnage. 

There has laarn a large number of motorships built in F.urope. 
In the United States the development has not Ixam as great as one 
would expect. This is attributed to the lack of progressiveness 
on the iiart of shipowners and to the large tonnagi' of steamers 
built during the war. With this enormous tonnage of vessels 
lying in harbor idh; tin; marine concerns have been unwilling 
to invest addition.al money in motonships even though the 
operation costs would be much reduced. Unfortunately these 
steamers cannot be clniTiged to Diesel drive without expensive 
altei'ation to the hulls. 

It has been a matter of comment and of much criticism that 
the United States Shipping Board has been so disinclined to 
consider the Diesel for the Emerg(mcy Fleet Vessels. As an 
example of the dilatory tactics of the Board, the (^ase of the 
WilUam Penn may be cited. Burraeistcr and Wain Diesels 
were imported from Denmark and lay in storage practically 
three years before being installed in the vessel. Little encourage¬ 
ment has been given to American engine builders and these 
concerns arc to be commended for their |)rogressivencss in bringing 
out marine engines in spite of such official lassitude. 
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In the last two years a number of Di(‘sels from 300 hp. to 
3,000 hp, have been installed in motorship.s. The shipbuilding 
has been chiefly confined to tankers operating between Mexico 
and other ports. Since 
Mexican bunker oil is very 
cheap, it is the claim of some 
shipowners and builders that 
the steamer is the most eco¬ 
nomical for such service, for 
the av('rag(' I)i('S(>l rcipiires a 
higher grade oil than bunker 
oil. Ivngine manufacturers 
and shipowners anticijiatc an 
increased use of Diesels in 
vessels to be built in the 
future. 

Nobel Bros. Marine Diesel. 

The honor of liuilding the first 
commercial lino of marine 
Diesels belongs tothi.sliussian 
firm. Since the demand was 
for Diesels to engine the river 
and ferry boats, the units 
Nobel Bros, produced were all 
of small powers - ranging fronr 
,50 to 200 hp. ddie same linn 
was the first to adapt the 
Diesel engine to submarine 
boats. The Hussian govern¬ 
ment leaned to the small- 
dimensioned subboats, conse- 
(piently the development of 
the Nobel Bros, .submarine 
Diesel has been along the 
smaller units below 200 hp., 
although they produced a 900 hp. submarine Dies(d prior to 1914. 
Like all new apparatus the Nobel Diesel has undergone various 
changes in design. 

Werkspoor Marine Diesel.—^The first ocean-going motorship of 
any size equipped with a Diesel engine was the Vulamus. This 



Fio. —Cro.iB-HCctioji of WerkMjioor 
Diesel on tlio motor-ship “Vuleunus.” 
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boat was a 1,000-ton tank ship fitted with a 450-hp. Wcrkspoor 
engine having cylinders 15.7 in. diameter by 31.5 in. stroke, 
operating at 180 r.p.in. This engine i.s shown in Fig. 35. 
Although the design necessitated an increased height, the cross- 
head type piston was used. To eliminate the piston-heating 
risk, water-cooling through telescopic tubes was used. The 

frame was of box design 
and was early abandoned 
for the present Wcrkspoor 
frame which consists of 
steel columns. This later 
construction is illustrated 
in Fig. 36. This engine is 
being manufactured in the 
Uijited States by the 
Pacific Skandia (^o., and 
the New York Shipbuilding 
and Engine Co. also have 
a license and have built 
two 1,750 hp. engines to be 
installed in a tramp boat. 

Pacific Diesel Co.’s 
Marine Diesel. — The 
Wcrkspoor Diesel as manu¬ 
factured by the Pacific 
Diesel Engine Co. departs 
somewhat from its Euro¬ 
pean prototype. This 
engine is shown in Fig. 37. 

Nelseco Marine Diesel. 
The New London Ship 
Kio. 30.—Wcrkspoor modern opcn-friiino Engine Co. manu- 

factures both two- and 
four-stroke-cycle marine Diesels.' Figure 38 is a cross-section 
of the latter type engine. This engine is built both reversing 
non-reversing. 

The largest part of the New London output has been installed 
in the United States Navy, it being the first Diesel used for sub¬ 
marine purposes. The cylinder and cylinder heads are cast 
together. This eliminates a gasketed joint and the heating 
effect which often occurs at the top of the cylinder where the 
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metal is thickened to hold the cylinder-head bolts. However, 
piston removal is made difficult by' this construction, higure 
38 illustrates the non-reversiiig engine, which differs from 
the small reversible Diesel in no way other than in the provision 
of a rever.sing control described in the chapter on Valves. 

McIntosh & Seymour Marine Diesel. -'I'lie first marine 
Diesels manufactured by the McIntosh & Seymour Corp. wore 
built in 1917 and were of the Irunk-pi.slon box-fraTuo type, illus¬ 
trated in Figs. 39 and 40. these engines, .100 and 090 hp. capa- 
eities, were equipped with direct reversing gear. 



37.—PiK'ifif Werkspoor nuirino ^ 


Lator, lar^or units of 000, 1,250 and 1.750 hp. were built and 
other than the n'ver.sing earns and controls, is the same design 
as the engine in Fig. 18. I'or these engines the cros.shead design 
is used; the framing consists of ca.st-iron box girder A-frames 
upon which .supports the cylinders are mounted. The A-frames, 
in turn, are bolted to a cast-iron l)a.se which forms the crank oil 
pan. Light steel covers fit between the frames, enclosing the 
crankshaft and other parts. 

The majority of the Diesel engines used in the merchant marine 
in the United States have been built by the McIntosh & Seymour 
Corp. 

Busch-Sulzer Marine Diesels. —The marine engine designed 
by the Busch-Sulzer Bros. Go. is of the two-stroke-cycle type and 
is in the main the same as the Sulzer Bros. Marine Diesel as 
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manufactured in Switzerland. This online i.s shown in Fi;;. 40 A. 

During the war this company built many submarine Diesels 
for the United States Navy. The.se engines arc of the high-specsl 
foiir-stroko-cycle type and represent (he most modern of design. 

Cramp Engine & Shipbuilding Co.—The ('ramp Co. manu¬ 
factured a marine Die.sel under (he Burmiester and Waine 
patents. One of the.se units, a l,7.5()-b.hp. engine, is shown in 
Fig. 41. The cylinders are mounted on cast-iron box columns, 



I’m. 39.—Mclnliish & Soyincur 600 hit (rmik-pinton poign. 


the front and rear columns, between each pair of cylinders being 
cast together. The crankshaft is built U|), the pin being shrunk 
into the webs and the webs shrunk and keyed to the shaft por¬ 
tions. 

Winton Engine Co. Marine Diesel. - I’he marine Die.sel built 
by the Winton Co. is the same as its stationary engine, illustrated 
in Fig. 25. 

Worthington Pump & Machinery Corp.—The Worthington 
Pump & Machinery Corp. has built at the Snow Works a 1,7.50- 
b.hp. six-cylinder marine Diesel shown in Fig.41 A. This engine 
embodies many tried features, such as, mushroom-headed fuel 
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valve, reversing control, etc. Prol)al)ly the most olaborafe tests 
ever carried on in the United States have been run with this 
unit. Among others a number of tests were made with the 
engine using auxiliary exhaust ports in eonneetion with the 
ordinary exhaust valves. While none of the.se engines have so 
far been in.stalled on board ship, the engine undoubtedly ha.s a 
great future. 



Tia. 4()yl.—Cross section of Busch-Snlzcr marine desipn. 

Nordberg Mfg. Co. Marine Diesel.—The Uarels Diesel is 
offered for marine work although so far none have been installed. 

Bethlehem Steel Co. Marine Diesel.—The Bethlehem Steel 
Co. has builtone 2,700-b.hp. Diesel of the two-stroke-cycle design. 
This is installed on the Cubore, an ore boat plying between Cuba 
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and Sparmws Point, Maryland. Little accurate information 
has ever Ixicn published. It contains some unusual features and 
is of .strictly Pethlehem design. 



Dow Pump & Machinery Co. Marine Diesel.—The Dow Co. 
has designed a marine Diesel which follows in the main the lines 
of its stationary engine. 

New York Shipbuilding Co. Marine Diesel.—A license to 
manufacture the Werkspoor Marine Diesel is held by the New 
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York Shipbuildinn ('o. I'p lo tlic iirescnl tiiiio two ciigiiH's liavo 
been built. 

Sun Shipbuilding Co. Marine Diesel. The Sun Co. has the 
American rights of the oppo.scd-jji.ston (l)oxford .Syterii) engine. 



Fig 41.1.—Woithiiiglon 1,700 foui-slroko-cycle marine ongino. 


So far only development work has been carried on. The engine 
follows European designs but is a solid-injection Diesel. 

Janies Craig Marine Diesel. The Craig Co. has built marine 
internal combustion engines for many years. In (he past a 
number of the (h'aig Diesels have been used in the United States 
Navy. At present the company is building a 1 JoO-b.bp. unit. 
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ECONOMIC STATUS OF THE DIESEL 

General.—In considering the purchase of power-generating 
machinery the factors that should largely determine the choice 
of engines arc: first cost; fuel costs; labor costs; and maintenance. 

It will be found that the Diesel engine is not alway.s the logical 
unit to purchase. Often steam engines, such as the uniflow or 
Corliss, arc the logical units. Under other circumstances 
electric power should be purchased, while under certain plant 
conditions the less efficient semi-Diesel will prove to be most 
economical. 

First Cost.—It is almost impossible to give any data on Diesel 
prices that will prove consistent at all times and places. Engines 
have been quoted as low as S45 per brake-horsepower and as 
high as $120. The former applies to large engines, over 750 hp., 
while engines of small power are ([uoted at the higher price. 



Fiu. 42.- Ihilial cost of oil engine i)cr k w. capacity. 

As a rule, pipe lines being excepted, Die,sels arc direct-connected 
to generators. The purchaser is interested in total costs includ¬ 
ing all accessories; such as, oil tanks, pumps, etc. In Fig. 42 are 
shown a set of curves covering Diesel, semi-Diesel, and solid- 
injection engine-generator costs per kilowatt of installed capacity. 
It will be noted that while it was stated that the large Diesels 
have been quoted at $45 per horsepower and small units at 1120 
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—the eosts per kilowatt do not have the same ratio. Thi.s i.s due, 
first, to the fact that only in exceptional case.s will the price.s |)er 
brake horsepower fall below $65; second, as the engine sizes inereasi^ 
the revolutions per minute decrease and, consequently, th(' gener¬ 
ator cost increase.s. The costs given in Fig. 12 may he used in 
making estimates. The initial investment for the Diesel |)lant is 
higher than for a steam plant of the average type. If economical 
steam-units arc considered, and the extra room space re(iuired for 
the boilers and fuel storage be not ignored, the difference in first 
costs is slight and by no means unsurmountable, and will, in most 
case.s, be more than counterbalanced by the lower op(>rating 
charges of the Diesel plant. 

Diesel and Semi-Diesel Compared.—As Fig. 12 shows, the 
first cost of a semi-Diesel plant is less than that of a Diesel. 
By reason of the higher operating charges of the semi-Diesel it is 
the logical choice only in plants that run a few months a year, 
as example, a cotton gin, or in plants so stnall that the saving in 
operating charges is small. Many considting engineers claim 
that below 100 hp. the semi-Diesel proves more economical where 
the plant operates at a capacity-usc factor of less than 70 per cent. 
This means that the engine operates fully loaded less than 70 
per cent of the time or at 70 per cent load less than 100 per cent 
of the time, ba.sed on a 10 hr. day. 

The .senii-Diesers fuel consumption per kilowatt-hour will 
exceed that of the Diesel by at least 0.22 lb. in the average plant. 
In addition, lubricating oil is consumed in the semi-Die.sel at 
t he rate of about 1 gal. for each 300 kw.-hr.. and the Diesel shoidd 
deliver, 1,.500 to 2,000 kw.-hr. with the use of 1 gal. of lubrication. 
These two items make the .semi-Dic.sers operating eosts run from 
2 to 4 miles aliove that of the Dic.sel’s. If the plant is run at a 
high capacity-use factor the higher operating costs overbalance 
the lower fixed charges. 

Above 100 hp. it would seem that the capacity-use 
factor must be less than 50 per cent to make to semi-Diesel 
competitive. 

The Solid-injection vs. The Diesel Engine. —By reason of the 
excellent fuel economy, of the solid-injection engine, the Diesel’s 
total costs will exceed that of the former in sizes below 300 to 400 
hp. There are other factors to be considered, although the 
determination of the comparative influence of these factors is 
difficult. 
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The solid-injection engine by reason of its cycle, being an 
explosion or Otto-cycle is often called upon to withstand 
greater maximum pressures than is the Diesel. The process of 
combustion is not as closely regulated. As a result of these two 
advantages possessed by the Diesel, the latter is classed by many 
as being more reliable. Below 300 hp. reliability is not as impor¬ 
tant a factor as it is in larger units. 

Labor Costs.—The oil-engine plant in capacities below say 
3,000 kw. can be operated with a smaller crow than can a high- 
grade steam plant containing stoker-fired boilers, steam turbines 
or uniflow engines, condensers, etc. 

In a plant containing a single unit of loss than 300 kw. one 
man per shift is ample. In addition, part of a laborer's time, 
say one-half, should be charged against the engine for the 
engineer will require assistance at times of overhauling, repair, 
etc. In a jrlant of two units of less than 750 kw. two men per 
shift are advisable. In plants containing two or more units 
there should be at least two men per shift. If over 1,000 kw. 
there should bo an extra man during the day shift. 

The pay of Diesel operators is, it is true, somewhat higher than 
that of steam plant engineers in the same locality. The difference 
is not large enough to influence the plant cost to any great extent. 

It is impossible to operate a 300 kw. steam plant with one man 
per shift. In large plants up to 2,000 kw. the Diesel labor costs 
are under those of the steam plant. When plants of 5,000 to 
10,000 kw. are considered it will be found that the steam plant 
needs but little more labor than would the oil engine plant. 

The actual labor costs are given in a number of tables later in 
this chapter. 

Since this chapter is primarily written for the manager, a 
word in regard to the question of operating labor is not amiss. 
It has been claimed too often by ambitious salesmen and unin¬ 
formed engineers, both consulting and operating, that the 
Diesel engine requires no skilled attendant. There is no doubt 
that the amount of labor is much less than in a steam plant, but 
the Diesel engineer should be a mechanic. It is not necessary 
that the operator be a machinist, but ho must be familiar with 
machinery, have some experience in caring for high-grade 
machines and, above all, must understand the principle of opera¬ 
tion and be of the type that will follow instructions and will make 
adjustments as required. 



ECONOMIC STATUS OF THE DIESEL 


65 


As a general proposition the so-called “automobile mechanic” 
does not develop into a successful Diesel engineer. Ho has been 
trained in a shop whore poor W'ork, crude repairs, and indifferent 
machine work are customary. It may be stated with truth that 
a man who has been in charge of a steam power plant makc.s the 
best Diesel operator. He is accustomed to tlu' handlitig of power 
machinery, understands the secret of keeping the engine in .service, 
and is usually a fair mechanic. 

Maintenance Charges.—Maintenance charge's arc in direct 
proportion to the reliability of the unit. 

As a general rule all Die.sel engines are very easy to operate, 
it merely requiring an understanding of the principles upon which 
they run, as well as some experience with such a type engine'. It 
must always be kept in the bc.st eef repair if it is expeete'el to run 
well at all. It shoulel be kept in as gooel e'ondition as the day 
when it was benight, which in turn eliminate's exce'.s.sive eleprecia- 
tion cheirgcs. A careful eib.se'i vane'e of the kinel eif fuel oil and 
lubricating oil used will le'ad tei very little trouble with the moving 
parts. It is generally a.s.sunie'el that a Die'sel engine reepiircs 
more repairs than a steam plant. Howe'veir, the expe'rienco with 
the modern type's has proved that the eliffe'rene'c is very slight 
anel in favor of the Diesel plant. 

Failures or high mainle'iiance' charge's of e'arly oil engines may 
bo trae'cel in meist instane'e's te) lai'k eif i'X|)erienis'ii ope'rators. As 
soon as engineers became aceiuainteel with the' Die'.sel iie'culiaritie's, 
repairs and shut elowns dccri'a.seel. 

Fuel Consumption.—It will be fe'unel that the several manu¬ 
facturers of Diesel engines eiffer practically the same guarantee.s 
as to fuel consumptiem per brake-horsepeiwer hour. For the 
same cylinelcr sizes the four-stroke-cyclo engine will show a 
consumption a trifle lower than will the two-stroke-cycle. This 
is elue to the more complete scavenging of the four-stroke-cyclo 
cylinder of the burnt gases; to offset this, the two-stroke-cycle 
engine should have a lower first cost per horsepower. This 
usually equalizes the total cost per horsepower-hour. 

Purchasers should not be too much impressed with astonishing 
claims made by some particular manufacturer. Under ordinary 
circumstances the fuel consumption of all Diesels, regardless of 
the size, will not vary over from 5 to 7>^ per cent. It is possible 
under exceptional shop conditions to obtain a record impo.ssible in 
ordinary operation in the field. 

5 
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Many cannot understand how the European engines are able to 
show records below those of American units of like powers. The 
difference is more apparent than real. Often it will be found that 
the injection air was supplied by a separately-driven compressor. 
This will make a difference of, say, 8 per cent. 

In Table V are given the usual guarantees made by American 
builders. In plant operation these are often lowered by as much 
as 5 per cent. 


Table V.— Manufactureks’ Fuel Guarantee.s 


Make 

Typo 

Size 

Full 

load, 

lb. 




National Transit 

H. A. 

05-300 

0 48 

0 50 

0 58 


De La Vergno 

H. A. 

100-300 

0 42 

0 435 

0 52 


Korting,.. 

H. A. 

300 

0 42 

0 43 

0 52 


Snow.. . 

II. A. 

fi.l-COO 

0 50 

0 52 

0 00 


McEwen 

II. A. 

fi.'I-SOO 

0 48 

0 50 

0 58 


Nelseco.. 

V. M. A. 

120-000 

0 45 




Fulton 

V.A. 

120-7.')0 

0 41 

0 425 

0.45 

0 025 

Uusch-Snlzer. 

V. A. 

500 

0 42 

0 43 

0 52 


McIntosh & Seymour 

V. A. 

.500-1,750 

0.42 

0 43 

0 52 


McIntosh & Seymour 

V. M. A. 

000 

0 404 




Standard Find Oil 

V and 

00-300 

0.48 

0 50 

0 .50 

0 84 

Engine. 

II. B. 







H = horizontal engines. 
V = vertical engines. 

M = marine engines. 

A = four-cycle. 

B = two-cycle. 


Standard Diesel Fuel Consumption.—In Fig. 43 arc shown 
results of a series of tests on a 100 hp. two-cylinder Standard 
two-stroke-cycle vertical engine at various speeds. The lowest 
fuel consumption, 0.455 lb. per brake horse-power-hour, was at 
a speed of 225 r.p.m. At higher speeds the poorer scavenging 
reduced the engine efficiency. 

In Fig. 44 are given results of a test on a horizontal Standard 
two-stroke-cycle engine. The fuel consumption is somewhat 
higher than that obtained with the vertical engine. The differ¬ 
ence is due both to the more improved design of the vertical 
engine and also to the better test conditions. 
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The fuel consumption to t)e expected where the engine is in 
good working condition is shown in Fig. 44 A. The table gives 
the fuel cost per horsepower per year. 



Fui. 43 conHuniption of 100 lip hOmdard ftiKin'’ viiriouH s|K'<sly, 

Snow Diesel Fuel Consumption. Figure 1.') is the result of a 
test on a 30()-hp. Snow Diesel. It will l)(‘ noted that the test 
gives fuel consumptions that arc 20 per cent lower than this 
company’s standard guaranf(>cs. 



Fia. 44.—Test on horizontal standard Diesel. 

McEwen Diesel Fuel Consumption.—Figure 40 shows a test 
on a 65-hp. McEwen Diesel. The fuel consumption at full 
load is remarkably low. The increase at three-quarters and 
half-load over the full-load consumption is quite marked. From 
this it would appear that the engine’s rating was not as high as 
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it should be. In other words, the rating should be raised, making 
the engine a 75-hp. unit. 

I ANNUAL FUEL COST OF ONE BRAKE HORSEPOWER I 


COST OK FUIL OIL IN CENTS PER GALLOS 


HOURS OP USE 

1 

I.J 

1 .ti 1 5 1 IW 1 • 1 1 

1 * 1 ® 1 

PER DAT 


1 1 

1 1 1 1 II 

_!-!-!- 


COST Of FUEL FOR ONE BRAKE HORSEPOWER ONE YEAR 1300 DA\8) 




to 34 

10 63 

to 7t 

to 81 

10 00 

to 00 

tl 08 

tl IT 

tl 26 

tl 44 

tl 62 

tl 80 

1108 

22 16 




lt« 

1 44 

1 et 

180 

108 

216 

2 34 

2 32 

288 

3 24 

3 60 





let 

1 SO 

116 

8 43 

2 76 

2 07 

3 24 

3 51 

376 

4 32 

4 86 

9 40 

5 94 





tot 

2 88 

3 24 

a 80 

3 88 

4 32 

4 68 

5 04 

5 76 

6 48 

7 20 





STO 

3 13 

3 60 

4 03 

4 so 

4 03 

3 40 

583 

6 30 

T 20 

810 

9 00 

9 00 



ITO 

3.t4 

378 

4 32 

4 80 

5 40 

5 04 

6 48 

7 08 

7.58 

8 64 

072 

10 80 

II 88 

12 06 



SIS 

441 

3 04 

5 6T 

6 30 

6 93 

7 56 

810 

8 82 

10 98 

11 34 

12 00 

13 86 

13 12 



4 St 

9 04 

3 76 

6 48 

7 20 

7 92 

8 64 

9 36 

10 08 

11 32 

12 06 

14 40 

13 8t 

17 28 



4 80 

9 87 

6 48 

7 29 

8 10 

8 01 

0 72 

10 33 

11 34 

12 06 

14 58 

16 20 

17 82 

19 44 




6 30 

7 20 

8 10 

0 00 

9 00 

10 80 

1170 

12 60 

14 40 

16 to 

18 00 

10 80 

21 60 




6 03 

7 9t 

801 

0 00 

10 89 

1188 

12 87 

13 86 

15 64 

17 82 

19 to 

2178 

23 78 




7 36 

8 64 

0 72 

10 80 

11 88 

1196 

14 04 

19 12 

17 28 

19 44 

21 60 

23 76 

25 92 



T Ot 

810 

0 38 

10 33 

1170 

12 87 

14 04 

15 21 

16 38 

18 72 

tl-06 

23 40 

25 74 

28 08 




8 8t 

10 08 

11 34 

It 60 

13 86 

IS 12 

16 38 

17 64 

20 16 

22 68 

25 to 

27 72 

30 24 



8 10 

0 43 

10 80 

18 13 

13 50 

14 85 

10 to 

17 55 

18 00 

21 60 

24 30 

27 00 

29 70 

32 40 




10.0» 

11 32 

12 06 

14 40 

15 84 

17 28 

18 72 

20 16 

23 04 

23 9 2 

28 80 

31 68 

34 50 



»ie 

10 71 

12 24 

13 77 

15 30 

16 83 

18 26 

10 89 

21 42 

24 48 

27 34 

30 60 

33 06 

36.72 




1134 

1188 

14 58 

16 to 

17 82 

19 44 

21 06 

22 68 

23 02 

29 to 

32 40 

33.64 

38 88 




11 07 

13 68 

13 30 

17 10 

18 81 

20 52 

22 23 

23 94 

27 36 

30 78 

34 to 

37 62 

41 04 




12 60 

14.40 

16 20 

18 00 

19 80 

2160 

23 40 

25 20 

28 80 

32 40 

36 00 

39 60 

43 20 




13 23 

1518 

17 01 

1800 

t0 7O 

22 68 

24 37 

26 46 

30 24 

34 02 

37 80 

4158 

43 36 



11 8S 

1386 

15 84 

17 82 

10 80 

21 78 

23 76 

23 74 

27 72 

3168 

33 64 

39 60 

43 56 

47 32 




14 40 

18 56 

18 63 

20 70 

22 77 

24 84 

26 91 

28 06 

33 It 

37 26 

41 40 

45 54 


. 

10 SO 

It 06 

13.lt 

17 28 

10 44 

21 60 

23 76 

23 02 

28 08 

30 24 

34 56 

38 88 

43 20 

47 52 

51 84 


Fiu. 44.'1.—Usual fuel economy. 



Busch-Sulzer Diesel Fuel Consumption.—Figure 47 shows the 
results of a test on a 500-hp. Busch-Sulzer Type B Diesel. This 
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test was run without any proparatioti in the way of engine adjust¬ 
ments and represents actual operating results. 



I'lo. lO,—Test on a 05 hp. McKwon engifje. 
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Tio. 47.—Test on a 500 hp. Typo B Busrh-Sulzer Diesel, cylinders 10 X 24, 
speed 200 r.p.m. 


McIntosh & Seymour Diesel Fuel Consumption.—Table VI 
outlines complete tests on three 500-hp. McIntosh & Seymour 
Diesels direct connected to G. E. alternators. These tests were 







Table VI.—Summary op Tests on Paris (Tex.) Diesel Engines 
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carried out while the engines were in actual service, delivering 
current into a 100-kv. high-tension line. The efficiencies of the 
three units were practically uniform and represents values that 
are about as high as can be c.xpected in units of this size. 

Actual Operating Results.—The preceding figures represent 
test values at certain stated loads. It is impossible to secure a 
given load factor at all times. Conso<iuontly the fuel consump¬ 
tion of a Diesel in actual operation will not check with test results. 
In a few instances, such as with the plant containing the three 
500-hp. engines appejaring in Table VI, the plant can operate at 
practically full load at all limes. The fuel consumption should 
then check with test results. In the Paris, Texas, plant the 
test gave a fuel consumption at full load of 0.003 lb. per kilowatt- 
hour. The actual operating consumption in this plant is 0.672 lb. 
per kilowatt-hour while the load ranges from three-quarters 
to full load. This is but 10 per cent above the test results. 

Unfortunately, such ideal loads seldom ar(^ encountered. The 
usual Diesel engine carries a load from one-cpiarter to full load, 
and the fuel consumption is considerably different from full-load 
test results. 

Table VII is a compilation of the hourly loads in a plant 
containing three old 225-hp. Diesels and a 500-hp. Busch-Hulzer. 
Type B Diesel. The 500-hp. engine has an individual fuel tank 
while all three of the older engines obtain their supply from a 
common tank. Hourly readings of the fuel consumed, actual 
kilowatts delivered to the switchboard and the indicated kilowatt 
load are entered in a station log. . I(, will be noted that the 500- 
hp. unit operated 16 hr. daily and carried a load ranging from 
one-third to one-half load. One hour’s find consumption (from 
9 a.m. to 10 a.m.) is evidently erroneous, but this was rectified 
in the subsc()ucnt hourly rc^adings. The average consumption 
of 0.71 lb. per kilowatt-hour at half load is exceptionally good 
and is evidence of the high-class attendance employed in the 
plant. The interesting figures in this log are the fuel consump¬ 
tions of the obsolete 225-hp. Diesels. These engines arc from 10 
to 15 years old and have had hard service. Nevertheless, the 
fuel consumption of these engines at less than half load averages 
-0.909 lb. per kilowatt-hour. Although the design and work¬ 
manship of these early American Diesels are often^diculed, it 
is questionable if the more modern engines will show any better 
results after the same length of service. 



Table VII.—Daily Log, Diesel Plant 
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fiuftoh->Sulser Type A (old Adolphus Bosch ensioes). 
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Tabic VIII is the summary of a daily log of a plant having two 
225-hp. and one 170-hp. old Diesels and one 500-hp. McIntosh & 
Seymour Diesel. The average fuel consumption was 0.972 lb. 
per kilowatt-hour. This high value is due to the conditions of 
the old engines and to the engineer’s unwillingness to have the 500- 
hp. engine carry the night load even though it was less than 
the engine rating. Frequently the engineer is blameable for a 
higher fuel consumption since he is unwilling to work the engines 
at their economical factors. 

An interesting feature in connection with this plant is that one 
of the 225-hp. engines was overhauled in 1921. After reboring 
the cylinders, purchasing new pistons, valves, etc., a test was 
run on the engine. At about the same time tests were run on the 
500-hp. Bu.S(^h-Sulz(^r Type B which had been in constant service 
for 5 years wilbout overhauling, and upon a 500-hp. McIntosh 
(fe Seymour install(!d in 1917. The results of these tests are 
shown in Table IX. Here the 500-hp. McIntosh Sc Seymour 
unit is marked as II, the Busch-Sulzer engine, as A, and the 22.5- 
hp. engine as C. The reader’s attention is called to th(! high 
efficiency of the 22.5-hp. engine after overhauling. Its fuel con¬ 
sumption of 0.74 lb. per kilowatt-hour after 10 years of service 
is practically the same as that of the more modern engines. 


Table IX.—Re.sults of Te.sts on Three Diesel Engines 


Engine j 

A 

i S 

j C 

1 

Horsepower.1 

500 

500 

225 


Year manufactured. i 

1916 

1917 

1910 


Year tested.! 

1921 

1921 

1921 

1911 

Temperature cooling-water inlet_' 

80 

82 

80 


Temperature cooling-water outlet, .i 

126 

130 

126 


Oil consumed, pounds ... . 

20,,556 

21,071 

11,970 


Kilowatt-hour output ..! 

30,970 

29,050 

16,090 


Length of test, hours . i 

100 

100 

100 

1 

Load factor, per cent. 

86 

90 

90 

100 

Pounds fuel per kilowatt-hour 

0.66 

0.72 

0.74 

0 69 

Kilowatt-hours per barrel fuel 

476 

436 

425 

455 

B.t.u. per kilowatt-hour. 

12,478 

13,636 

13,994 13,045 

Fuel cost per kilowatt-hour, mills 





(13.23 per barrel). 

6 60 

7.41 

7.10 



Fuel Supply.—In considering the choice of a prime mover for a 
power plant, the investigator is frequently prompted to install 
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other than oil engines for fear of oil scarcity. Much has been 
written and spoken concerning the danger of the total exhaustion 
of the petroleum supply. While economy should be practiced in 
respect to the oil-field supply, no immediate danger of exhaustion 
exists. At the present time there is strong indication that 
Canada contains a very important oil field. In Mexico, South 
America, and the West Indies there are petroleum supplies that 
are still untouched. There is no doubt that petroleum prices 
in the future will advance with increased consumption and rising 
coal prices. It is hardly probable that ftiel oil will ever reach 
a price that would make the Diesel fuel costs higher than the 
costs of a steam plant in favoral)le localities. Recently crude 
oil has l)ccn selling at one-half the 1920 quotations, and fuel oil 
is obtainable at from S.5 cents to .’SI,.'ll) per barrel in the Middle 
West. At these prices the Die.sel economy cannot be attained 
by any of its competitors. In addition, the vast beds of shale in 
the West olTcr an oil supply for I,,■)()() years at the present con¬ 
sumption of .500,000,000 barrels of crude oil per year. 

The foregoing discussion has been incorporated in this volume 
for the benefit of those engineers who are interested in the eco¬ 
nomic problem of power generation and of those managers and 
owners of factories, etc. who are seeking for a more economical 
power than is at present used. Every power engineer who is 
worthy to be called an engineer is or should be interested in the 
development of new processes and new machinery. 

Production Costs.—While the Diesel is superior to any other 
form of prime mover in thermal efficiency, the actual commercial 
efficiency of the engine may be oven less than a steam turbine at 
low loads. It is obvious that the Diesel plant investment is high 
with consequent high interest and depreciation (fixed) charges. 
If the plant is operated at a low load factor, the fixed charges and 
the labor charge will cause the total cost per kilowatt-hour to f>e 
exce.ssive. Figure 48 is a chart which shows the total cost per kilo¬ 
watt-hour in a graphic manner. This plant had a total installed 
capacity of 500 kw. The entire plant cost $81,600. Table X 
gives the various charges used in developing the curves in Fig. 
48. It is apparent that the two factors that largely determine 
the total cost per kilowatt-hour at any load are the labor and fixed 
charges. These two items, divided into hourly charges, are 
here assessed against the hourly load and cause the total cost 
per kilowatt-hour to mount very rapidly on low loads. The solu- 
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tion of economical Diesc;! operation is a high load factor which would 
tend to reduce the overhead and labor charges. -This particular 



plant employs four men, and the capacity could be doubled 
without any increase in the labor cost, although the fixed charge 
would increase in ratio with the engine capacity. These curves 
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Table X.—PRODU(rnoN Costs, 500’Hp. Diesel 
In Mills per Kilowatt-hour 


Load 

1 Ifitcn'Ht 
and 

doprocia- 
1 tion 

; vw\ 

\ 

I/Hbor ' 

W'atiT 

1 >il aiul 

WHStH 

Muin- 

tl'hlUO'l' 

Tolnl 

Full 

3 0 

4 2 \ 

2 0 

0 1 

0 12 

0 12 

0 r.t 


4 0 

4 2 i 

2 lit) 

0 1 i 

0 Hi 

0 lb 

11 2S 

J-'s 

0 0 1 

T) 0 , 

1 0 

0 1 ! 

0 21 i 

(» 21 

IT) OS 


12 0 

(i ! 

s 0 

0 1 

(1 IS ! 

0 IS 

27 ,'iO 


Fuel at f) conis per jjallon. 

Labor: 

(yhiof ongmcor at S200 per month. 

Two watoli (‘iiKiheorH at ll/jt) por month 
Two lu'lpors at $S0 por month 
Ovorhoail: 

7 por cont mtorest 
S por cont dojirooi.ation 

If) por cent total. 


Table XI — Production Coat, Diesel Plant at Plant C, Sept. 2, 1917 


Daily pluiil upcralioii report 

. r.> 

1 To-day 

1 

Month 
to date 

Kw.-hr. output. 

1.9.30 

4,810 

Peak load kw. at 9 f.m . 

bio 

i 200 

Peak load factor per cent. 

57 

50 

Station load factor per cent.. ... 

11 

14 

Generator load factor per cent. 

38 

29 

Fuel used (gals, oil) Diesel fut4 oil 

1 340 

702 

Fuel used per kw.-hr. output, gals, oil 

! 0.18 

0 10 

B.t.u. per kw.-hr. output— . 

22,420 


Fuel coat—total (cents). 

884.0 

1,981 0 

Fuel cost (mills) per kw.-hr. output. 

4 0 

4 1 

Labor cost—total (cents).. . ! 

1,370.0 

2,740 0 

Labor cost (mills) per kw.-hr. output. j 

7 2 

5 7 

Miscellaneous cost—total (cents) — 

500 0 

1,000.0 

Miscellaneous cost (mills) per kw.-hr. output.. . ^ 

2 0 

2.1 

Maintenance cost—total (cents). 

700 0 

1,400 0 

Maintenance cost (mills) per kw.-hr. output. •. ; 

3.7 

3.0 

Production cost—total (cents). 

3,454 0 

7,121.0 

Production cost (mills) per kw.-hr. output . 

18.0 

15 0 

Time generators in service—gen. hr. 

32 

67 

Temperature (deg. F.) circulating water . 

Signed. 

76 

76 
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prove that Diesel plants must be fairly well loaded to be econom¬ 
ical. For this reason it frequently pays a plant to give a very 
low power rate in order to increase the load factor. 

The engine should be of a size appropriate to the load, and 
with an increase in load a second unit may be installed. 

Table XI is the daily report of a Diesel plant having a S.^O- 
kw., two 125-kw. and one 100-kw. Diesel units. The smaller 
units are very old and have a high fuel consumption. The load 
factor is very low which results in an excessive fuel charge even 
on the modern 500-hp. unit. The old units required much over¬ 
hauling—this shows up in the maintenance charge. The total 
production cost was 18 mills per kilowatt-hour while the fixed 
charges are about 10 mills per kilowatt-hour, based on the daily 
output. However, this total cost of 28 mills per kilowatt-hour 
compares very favorably with steam plants having similar load 
conditions. 


Table XII.— Actual Unit Production Costs, Paris and Tyler Diesel 
Stations, Sept, 1 to Dec. 31, 1916 


Article 

j Pans 

Tyler 

Data: 



Station output (m. kw.-hr.). 

1,565 

499 

Eating of plant (kw.). 

1,050 

600 

Station factor, per cent. 

51 

28H 

Total fuel oil (gals.). 

149,072 

78,455 

Pounds oil per kw.-hr. output. 

0.672 

1,100 

B.t.u. per kw.-hr. output. 

13,100 

21,400 

Production coats {mills per kw.-hr.): 



All labor. 

1 44 

2.24 

Fuel oil. 

3 07 

5 18 


0 09 

0 19 

Lubricants and waste. 

0.04 

0 56 

Miscellaneous supplies and expense. 

0.10 

0.29 

Maintenance of engines. 

0.04 

4 48 

Maintenance of buildings. 

0.05 

0.05 

All other maintenance. 

0.15 

0.61 

Total production cost, mills. 

4.98 

13.00 


Oil at 3 oonta per gal. 


Table XII covers the results of three months’ operation of 
two Diesel plants of the Texas Light and Power Co. The Paris 
plant possesses three modern 500-hp. Diesels, while the Tyler 
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plant has two doublo-onKinc units. Tho.se latter were second¬ 
hand units that were originally installed in an Eastern industrial 
plant. 'I’he condition of I hose units is n'vealed in th(> mainte¬ 
nance charge of 4.48 mills per kilowatt-hour. 'Die fuel cost, of the 
Tyler plant is 30 per cent greater than in the Paris plant. 

This cannot ho attributed entirely to the mechanical (wndition 
of the engines but to the load factor as well. The fuel consump¬ 
tion of these old Americati Die.sels is le.ss than 10 per cent over 
the fuel consumption of the moih'rn Paris engines on the same 
load. From this the reader can rightly conclude that the effici¬ 
ency of the Die.sel is fairly constant, regardle.ss of the mechanical 
condition of the units, as long as the engine will function. 

The engines in the Paris, Texas plant deliver power into a 
100-kv. transmi.ssion line in parallel with a steam turbine plant 
at Waco, Texas, over a hundred miles away. It is a matter of 
interest that the Diesel production costs are le.ss than those of the 
steam turbine plant. 


Tahi.e XIII.— I’rodcctkjn Costs, Pons, 'Pex.as, Diekei, Station 



1 

! 1010 

Nopt 1- 
l)lT .'11, 


1 

10111 

Engine hours 

24,047 


Grose kw.-hr 

7,.580,130 


Not kw.-hr. 

7,507,940 

1,.505,0(M1 

Station factor 

93 

51 

Fuel oil, lb. 

4,988,120 

149,072 

Fuel oil per kw.-hr , lb 

0 0,57 

0.G72 

13.t.u. per kw.-hr.. . . 

12,700 

13, KK) 

Labor per kw.-hr., mills 

1 .577 

1 44 

Fuel per kw.-hr , mills 

3 130 

3 07 

Water per kw.-hr., mills 

0 0,503 

0 09 

Lubrication per kw.-hr., mills 

0 1748 

0 04 

Miscellaneous supplies per kw.-hr., nulls. 

0 235 

0 10 

Building repairs per kw.-hr., mills . 

0 0945 

0 05 

Engine repairs per kw.-hr., mills 

0 51 

0 04 

Au3dliary repairs per kw.-hr., mills 

0 0103 1 


Electrical equipment repairs per kw.-hr., nulls 

0 0873 

0 1.5 

Miscellaneous station repairs per kw.-hr, mills 

0 0167 j i 


Total production cost, mills 

5 99 i 

4 98 

Overhead per kw.-hr., mills. 

i 4 85 i 

4 85 

Total cost per kw.-hr, mills.. . 

1 10 84 

9.83 
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In Table XIII are shown the production costs of this plant 
for three months in 1916 and for the entire year of 1919. 

It will bo noticed that the fuel consumption per kilowatt-hour 
has dccrca.scd. This is due to the increased station factor. The 
increase in the labor charge follows the rise in wages experienced 
during 1919. All the several maintenance items show an 
increase. With the entire equipment requiring more repairs, as is 
but natural, and with increasing costs, those items are very low. 
The record of 24,047 engine hours in 1919 shows that the three 
engines wore in operation for over 90 per cent of the time, which 
compares favorably with the performance of a steam plant of like 
size. 

If the overhead charges are assumed to remain at the same 
figures as were used in estimating the total power costs in 1916— 
namely, 4.8.5 mills—the present total cost per kilowatt-hour is 
10.84 mills, or an increase of 1 mill per kilowatt-hour over the 
1916 co.sts. 

The operating procedure has had an important influence over 
the fuel and reirair costs. The engines arc usually run slightly 
below the normal horsepower rating. On Sunday one unit is 
shut down and necessary adjustments are made. At this time, 
the valves from one cylinder are removed, an extra set replacing 
them; the valves are cleaned during the week. Each set of 
valves then, is removed and cleaned every three months, while 
bearing adjustments, etc., arc made every three weeks. A unit 
is out of service from 2 to 10 hours at this adjustment period. 

The station force is much smaller than for a steam plant of 
like capacity. There is a chief engineer in charge of the plant, 
and on each shift there arc one watch engineer, one helper and a 
switchboard operator, or ten in all. 

Miami, Okla. Central Station.—In 1919 this Oklahoma munici¬ 
pality purchased a 500-hp. Fulton Diesel direct-connected to a 
Westinghouse generator for the light and pumping station. The 
single engine carried the load for over a year before a second unit 
was installed, and in this time there was 24-hour service with only 
a brief shutdown on Sunday mornings for inspection. During 
this time the costs were as shown in Table XIV, while Table XV 
gives the income and expense of the system. 

Comparative Diesel and Steam Turbine Costs.—It is unfortu¬ 
nate that more information is not available as to costs of 
steam turbine plants and Diesel plants when operating under like 
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Table XIV.— Power Plant Costs per 

Kilowatt-hour, 

May 1-30, 1920 


Kw.-hr. output ... 

178,(KK) 

Fuel oil, gal ... 

14,003 

Fuel cost per kw.-hr ($2.55 per barrel) 

$0 00483 

Lal>or cost per kw.-hr . 

0 (X),518 

Lubricating oil, etc 

0 00,MO 

Insurance ami taxes, -1 per cent 

0 00170 

Depreciation. 0 per cent 

0 002,')0 

Inten'st, 0 per cent 

. . 0 

Total eo.st per kw -hr 

*0 022.')1 

T.\ble XV'.— Income and Fxpensk ok 

I.ioiiT Systkm 

Total investment, water and light 

*330,080 70 

Depreciation, per cent 

1,37,''> 00 

Intere.st on ImumIs, 5 per cent 

1,37,'; (K) 

Labor 

023 02 

Maintenance 

30 00 

Lubricating oil, supplies, etc 

1,010 12 

Total churg<‘s 

*1,711 01 

Income: 


Commercial lighting 

.*3,,';.H1 47 

Pow(‘r . 

4,SI ,SI 

Water collections 

2,I0.'l 4(1 

Lit) stn'et lights at $2 .50 

.’12.') 00 

.SO fire Iiydrants at $1 

u.k; 01) 

('ity Hall Iight.s 

0 00 

1'otal income 

*7,00.') .'M 

Net earnings 

2,321 30 


conditions. In Table XVT are given the comparative power- 
plant operating eo.sts of a 000-kva. steam turbine and a 3()5-hp. 
Diesel engine. These two units are in.stalled in an industrial 
power plant, receiving the saim’ attention and operating under 
like condition.s. Both units are driving generators, enabling the 
output of each to be accurately determined. I'he .steam for the 
turbine is .supplied by water-tube boilers using oil as fuel. Single 
the boiler efficiency is generally higher with oil than with coal, 
the B.t.u. per kilowatt-hour is lower than the result obtained 
with coal. 

The Diesel exhaust line is equipped with a heater that heats 
the boiler-feed water and the Diesel should have been credited 
with the heat so added. The turbine eirculating-water and air 
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pumps are motor-driven, and no deduction has been made for 
this power. In all respects the turbine has been favored. 


'1'aBLE XVI.—COMHAIIATIVE OpEBATINO CohTS OF DiESEL AND StEAM 
Tuhbine 










Wcfk (132 hr ) 





^ - 


1 1 

1 ^ 

; 3 

4 

i 

Kw,-hr. output I 

1 

58,210 ! 

1 

66,050 

42,359 

64,025 

' 74,925 

Fuel oil, gal 

2.8,455 

25,950 

19,389 

24,474 

20,830 

Kw.-hr. per gal. 

2 48 

2 55 

2 23 

2 61 

2 79 

B.t.u. per kw.-hr 

51,320 

.50,000 

57,200 

48,800 

45,300 

Fuel per kw.-hr., mills 

14 1 

18 7 

15 7 

13 4 

12 9 

Lubricating oil per 


1 




kw.-hr., mills 

0.1 

0 1 

0 2 

0 15 

0 15 

Labor per kw.-hr., mills 

2 4 

2 2 

3 4 

2 2 

2 00 

Operating cost per 






kw.-hr., mills 

! 18.6 

1 1 

10 0 

19 3 

17.75 

15 05 



1 1 

1 2 

1 3 

4 


Kw.-hr. output 

10,590 

25,725 

15,080 

21,215 

24,240 

Fuel oil, gal.. 

1,020 

2,413 

1,.524 

2,047 

2,303 

Kw.-hr. per gal. ... 

10 3 

10 6 

10 2 j 

10 3 

10 2 

B.t.u. per kw.-hr. 

12,370 

12,000 

12,300 ' 

123,700 

12,300 

Fuel per kw.-hr., mills. 

L u b r i c a t i n g oil per 

3 4 

3 3 

3 4 

3 4 

3 4 

kr.-hr., mills 

0 2 

^ 0 1 

0 15 ! 

0 1 

0 11 

Labor per kw.-hr., mills 
Operating cost per 

13 0 

5 6 

1 9 30 . 

1 1 

! 1 

6 6 

5.0 

kw.-hr., mills ... j 

10 6 

9,0 

12 85 j 

10 1 

9 11 


In the figures given, the labor per kilowatt-hour with the 
Diesel is from two to six times as high as with the turbine. 
This is due solely to the small output of the Diesel; an engine 
twice as large would have the labor cost reduced 50 per cent. 
The lubricating charges contradict the prevailing belief that the 
Diesel uses excessive amounts. That the oil engine is particu¬ 
larly adapted to central-station work is shown by the variation 
in efficiency with change in load. A 26 per cent change of toad 
in the turbine produced a 20 per cent change in efficiency; on 
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the other hand, (he Diesel shows a HK) i)er eeiit variation with 
but 3 per cent ehange in the effieieney. I( should l)e remarked 
that the average load on the steam turbine was MS kw., while 
the engine’s load averaged oidy 200 kw., oi' ap|>roximately 
half-load. If the Die.sel had been fully loaded the labor and 
lubrieating oil per kilowatt-hour woidd have been redue(‘d by 
at lea.st 0 mills. 

Modem Steam Turbine Plant Costs.- It is .somewhat different 
to obtain costs sheets of steam turbine plants with the various 
items segregated. In Table XVII is given an itemized report 
covering the costs in a 75,000 kw. steam turbine .station. 
Coal was costing .157 pi'r ton and this it(mi can be corrected to 
suit local coal prices. It is obvious that a stiaim plant of even 
this capacity will lind (he Diesel a k(‘en eompf'titor. 

Taiii.k .WII I’rioDecTiiiN Co.sts in a 7.'),00(1 Kw. .Steam TnimiNE 
('eni'iim. .Sr\Tn>N 

f’oMT l-KU K H -UK 


SiipcrinloiuliiicD, <‘l(‘ricMl and tdlicKaicv (It'pl 

0 (W nulls 

Holier room opcralion, inrlndiiiK ash di>po,saI 

0 20 mills 

lioih'r room icpair.s 

(1 I.', milts 

KiiKini' room operation, ineludinK electrical 

0 IK mills 

Knuim* room repairs 

0 12 mills 

Mi.scellaneoiiH exjien.sf 

0 IS mills 

'I’otai cost operaimn, excIndiiiK fuel 

0 01 mills 

(osl fuel (coal at, $7 per (on). 

■) 2") mills 

'I’otal cost per kw -hr 

li 1(1 mills 

H t.u. per kw -hr out[)U( 

19,000 

Pounds coal per kw -hr. output 

1 r, 

Kw -hr. output [ler year 

:i(iO,(M)o,oo() 

Tons coal u.sed per year 

270.000 


This is considerably higher than (he operating costs of the 
Diesel central station cited in Table XIII. 

On the basis of $125 per kilowatt |>lant investment and a load 
factor of 66 per cent (which is abnormally high) the overhead 
charges per kilowatt-hour output of the steam plant would be 3.9 
mills making the total costs 10.06 mills per kilowatt-hour. 

Diesel Engines in a Cement Mill.—In 1916 the Lehigh Port¬ 
land Cement Co. installed three 1,000-hp. McIntosh & Seymour 
Diesel engines in its lola, Kansas plant. Plach was direct- 
connected to a 750-kw. Westinghouse direct-current generator 
delivering 440 volts to the switchboard. In 1919 the fourth 



Table XVIII,—Comparison op Efficiencies op V.^jiious Types op Power Plants 
Heat Units in Fuel Consumed per Brake Horsepower per Hour 
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enpiie-gonorator unit of like capacity was installed, and a fifth 
engine was installed in 1920. 

The cost per kilowatt-hour appears in Table XIX. This covers 
the operating charges, no fixed charge being tabulated. On a 
basis of an estimated investment of $600,000 and an overhead 
charge of 12 per cent, the power co.sts shown would be increa.sed 
by 6 mills per kilowatt-hour. 

The cement plant also has a gas engine which tirive.s a portion 
of the mill and a small steam plant for the heating and fire-pump 
re(inirements. In 'I'ablc XX are shown tin' total op('raling costs 
of the power plant for .famiary, 1020. The heating and fire- 
pump costs arc shown as totals. 

'I’ahi.e XI.X.— .Station Costs 


Total kw.-lir. output .1,11)0,100 

Total fuel, gal . . 112,U0.'l 

fuel cost per kw -hr. at .to.0112 per gal ... $0 0000 

balair co.st per kw.-lir . 0 0008 

Supplies and oil per kw.-hr . 0 001.5 


Total. 

Fuel oil per k\v.-hr., Ih 
Fuel oil per h hp., Ih. 

Taiii.k .\.\.—I’owEU Costs of a Ckment Mili,- 


Fuel coat 
Lalnir coat 
Stores cost .. 

Total coat 

Total power cost 
Total cement, hhl 
Power cost per hhl 

Diesel Engines in Flour Mills.—Until 4 or 5 years ago the 
majority of the flour mills of the country were driven by Corliss 
engines. Although the power cost per barrel of flour ranged' 
from 20 to 30 cents it was generally assumed that no other prime 
mover could compete with the Corliss engine. Increasing coal 
prices and higher labor charges now compel the mills to give 



*0 0055 
0 (>07 
0 182 
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more attention to power-plant economics. The favorable 
results secured inoi.her industries wlu're Di('.selshave been installed 
have caused a considerable demand for oil ('iigines in the mills. 

It is always difficult to secure actual data on Diesel plants and 
ino.st of the information that has been published has been based 
on estimated costs. Fortunately the PaRC Milling ('o. of Topeka, 
Kansas, have kept accui'atc data on tin; power costs of their 
Diesel-engined mill. Their figures arc tabulated luu'owith. This 
mill contains a .‘i8.'j-hp. McIntosh A Seymour four-cylinder 
vertical Die.sol which drives the mill machinery through a rope 
transmission system. 'I'he engine has been in operation for 4 
years and runs 24 hours a day, being shut down on .Sunday. 
During this period the load was varied from 50 to 80 per cent of 
the engine rating, the average load being about 05 per cent. 
Much of the e.xcellent .s('rvice secured is due to the fact that the 
engine has never been overloaded. In this matter the Page Co. 
emphasizes the nece.ssity of always having the engine capacity 
greater than the load re(iuirement. 

For one year the power costs were as follows: 


Barrels of flour, bhl .. 124,000 

Wages, per bl)l. flour, in eenis . 3 K2 

Fuel oil, per hhl. flour, in cents ($1.58 per bill ) 2 21 

Lubricating oil, per bbl. flour, in cents 0 31 

Incidentals, per lilil flour, in oent.s 0 11 

Repairs, per bbl. of flour, in cents 1 73 

Desorption 10 per cent per bbl. of flour in cents 2.23 
Interest and taxes, 8 per cent per bbl. flour, in 

cents I 78 

Total cost in cents 12 19 


The item of repairs is sonrewhat largm- than is customary. 
This covers the expenses of a man from the factory to install new 
camshaft gears and replacement of the steel support of the main 
driven rope sheeve. 

The fuel oil was purchased at a contract price of SI.58 per 
barrel. This power costs per barrel of flour compares more than 
favorably with a steam plant which can hardly do better than 
30 cents per barrel with coal prices at the present level. The 
repair charge will not exceed those of a steam plant. The wage 
charge is commendable as it indicates that the plant force are 
receiving wages that are equal to those paid steam plantengineers. 
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Moser Hros. of Great Heiul, Kansas, have two 400-hp. Allis- 
Ghalmers doiihle twin Diesels in their flour mill. The eost of 
power per barrel of hour for one year’s operation i.s shown in 
Table X.\I, 


T.^ni.r: XXr-I’ow kii Cof.T.'i sou Onk Vk.ih 


Fuel (III. Kill per bill. Ilinir 
bulincjiliiiK (III, (Till por bbl lldiir 
J.iilinc.-itiiii' (III (li(‘ariii|rs) i^iil per bbl lliiiir 
ll/i(’i(////((/ Cosfn 

Fuel (III per bill (l(uir(tiac per (iai ) 
biibricaliiiK (III per bbl. Iliiiir (nil at (iUc ) 
I.alMir pi'r bbl Hiiiir (ciinmccis and ladpi'r.ai 
Ii(‘|iairs 


*11 r>r> 

0 OlW.'i 
II IKIIIi 

?() (ttld 
(I (Mimi 
(I O.i.Vi 
0 012 


'I'dlal (ipi'raliiiK cdsl 

Ovalitail (hniijc'i 

Intcri'sl (7 pdrcciill per libl lldiii 
Di'prccialKin iU per cdiil i per bid tidiir 
In.suraiic(‘ (2 [ii'r ('ciill per bbl Ilinir 


.*(1 (I.S.'I? 


*0 0:121 
0 02;il 
0 OOO.'j 


Total power cosl.s per bid lldiir 


*0 l.'iO.'i 


The eapaeity of the mill is 1,800 bbl. pio- 21 hours, or .MO,000 
bbl. per year. However, owing to (hi' freight-ear shortage during 
the period for whieh (he power eosts are shown, the mill was not 
able to operate to its rated eapaeity. 'Fhe aetual output was 
but 40 per cent of this amount. Tin' power eharges are, as a 
eonseipience, eonsidi'rtibly higher than would have been the ease 
with a eonstiint output. 'Fhe deerea.--e in out|)ut affeets all the 
charges with the e.xeeption of the fuel-oil and lubrieating-oil 
costs. Operating under full load, this total of the power costs 
including overhead would be elo.se to nine cents per barrel of 
flour. In ealeulating the fuel eonsiimption, all kero.sene and 
gasoline used in eleaning the engine and filters are included. 
The overhead charges are based on the total eost of the engine- 
room machinery, including the hi'ating boiler. 

Diesel Engines in Steel Works.—Duo to the availability of 
large quantities of blast-furnace gas in the majority of steel 
and iron works this cannot be considered an attractive field 
for the Die.scl. However, the Hethlehem Steel Co. has one 
Diesel plant and the Oklahoma Iron Works has a plant containing 
three Diesel engine.s. A view of its power plant is shown in 
Fig. 48 A. 
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Two-Stroke-Cycle vs. Four-Stroke-Cycle.— The majority of 
Diesel engines built up to the present time have been four-stroke- 
cyele units. The two-strokc-cycle engine was used by a number 
of builders early in the Diesel period but was abandoned by most 
of them. Recently attention has been turned again toward the 
two-strokc-cycle, and at present there are more large two-strokc- 
cycle units being built in the United States than four-strokc-cycle 
since for large powers the former possess certain advantages 
over the latter. 



Fia. iSA .—Nordberg Diesels at Oklahoma Iron Works. 


The four-stroke-cycle method requires the provision of an inlet 
valve and an exhaust valve for each cylinder, cam-opened and 
spring-closed, with a camshaft to carry the cams and gears to 
drive the camshaft from the crankshaft. It is obvious that, 
with a four-stroke-cycle method of charging, there is required a 
certain amount of mechanism which requires considerable care 
and attention, involving gears, cams, rollers, and rockers; these 
parts are multiplied by the number of cylinders, and these engines 
are usually multi-cylinder. These parts increase the amount of 
work required in manufacture. 
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In general, the market requires as inexpensive a unit as can be 
bought. The engine, however, must at the same time be well 
built and reliable, but cheapness in no ease must outweigh relia¬ 
bility. In the larger engines, this demand immediately points 
to a two-stroke-cycic type engine where the weight per horse¬ 
power is low and the cost of manufacture correspondingly low. 

As an offset to the lower manufacturing costs of the two- 
stroke-cycle engine the charging efficiency of the four-stroke- 
eycle unit is higher. By high effici('ncv is meant that the 
cylinder can be fully charged or more nearly fully charged with 
air, with the lea.st e.xpcnditure of power in ,so doing, thati the two- 
stroke-cycle method. 

In addition the two-.stroke-cyele engine requires a large 
air pump to furnish the scavenging and cylinder charging air. 
This pump calls for a large power input and reduces the me(;hani- 
cal efficiency of the unit. 

The large amount of fuel consumed in the two-st roke-cycle 
cylinder, about twice that u.sed in a four-stroke-cycle cylinder 
of equal bore and stroke, causes the heat stresses to he high. 
With correct cylinder head and liner dc.signs this trouble has 
been surmounted. 

It would appear that for largo units the two-stroke-cycle, 
by reason of possible lower costs and in case of marine engines of 
less floor space, will likely be in greater demand. In a smaller 
type engine it is considered as yet questionable whether the two- 
stroke-cycle engine can be made more cheaply than a four-stroke- 
cycle. It will, however, not be a matter of price when the user of 
a small nic.sel engine purchases it in preference to a steam plant. 
In any case, it must be a very reliable unit and for the same 
reason as expressed before; namely, that the class of labor 
employed to run such engines is inferior. There is no doubt 
but that for the same cost of building the two-stroke-cycle engine 
can be equipped with better material and better designed parts 
than can the four-stroke-cycle type. For this reason, it appears 
that the two-stroke-cycle principle will be adopted more generally 
in the smaller plants in the future than at present, always bearing 
in mind that it must be a better built engine. 

It must bo remembered that small cylinders pre.sent difficult 
charging and scavenging problems. It is generally conceded that 
the small two-stroke-cycle unit does not possess all the advan- 
sizes tages of the large units. Engineers are inclined to feel that in 
below say 500 hp. the four-stroke-cycle unit proves the superior. 



CHAPTER VT 


OIL ENGINE INSTALLATION 

General. —The iiicroasin);; mimhor of oil onginos lioing installed 
in indiustrial plants indicates that enj'ineers will nioi'c and more 
encounter erection work involving the building of engine founda¬ 



tions. While this work merely calls for the same degree of care 
and skill that is required in the erection of any maehine, there are 
a few points which if observed will make the work fairly easy. 

Establishing Center Line. —The first step is the locating of the 
desired engine and driving pulley center lines in relation to the 

90 
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shaft and pulley to be driven. Each installatioti ha.s an indi¬ 
vidual problem a.s to permi.s,sible belt centers. As a general ride 
an engine from 50 to 100 hp. should be set at least IS ft. from the 
driven shaft; on larger units 25 ft. should be the minimum. Two 
plumb bobs should be dropped from one side of the shaft, imme¬ 
diately against each side of (he pulley to be driven. I’osts 
should be set in below each bob and with (he top a foot or so 
above the ground. Center taeks should (hen be put in marking 
the bob points. The shaft should next be revolved a half revolu- 



I'k; .>() - l.ocatiMK liiu-'at null! Jingles It.v llio.'i 4 .5 inothotl. 

tion to see if the pulley is sipiare on the shaft. A board is nailed 
across the two posts mentioned and a taek, in alignment with the 
first taeks and at a point half the distance between two, is then 
put into the board. This gives a point that is on the direct pulley 
center line. The bob is next dropped over the shaft at a distance 
of 16 ft. from the center taek just mentioned; a tack located here 
now gives two points on the line of the driven shaft, a.s shown in 
Fig. 49, one of which is also on the pulley center lino. 

A wire is now stretched from this point A at approximate right 
angles to the shaft center line. A mark C i.s made on this wire 12 
ft. from the tack, as shown, and a steel tape stretched from the 
tack B to the mark C. The wire is shifted until the tape from 
B measures 20 ft. to the point C. This is the 3-4-5 method 
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outlined in Fig. 50, wherein if 3 ft. be laid out on one line from A 
and 4 ft. on a second line measured from the intersection A then 
the two lines are at right angles if the diagonal BC measures 5 ft. 
Multiples of 3-4-5 may be taken, such as 9-12-15 or 12-16-20, 
as used in the aligning Fig. 49. The piano wire, on being set at 
right angles to the driven shaft, should be anchored to a post on 
the opposite side of the foundation site. The desired distance 
between the engine shaft and driven shaft is next measured, say 
20 ft., and a stake or post set in with a center tack. The point 
thus determined i.s the intersection of the engine shaft and 
driving-pulley center lines. 

The engine-shaft center line is next obtained by using the 
3-4-5 rule. In making the measurements, the tape should be 
held as near horizontal as conditions will allow. Posts or stakes 
should be set in at some distance from the end of the foundation 
with center marks so that the line may be fixed for all time. Ati 
excellent plan, if the building permits, is to place four center 
tacks on the ceiling above the .shaft and pulley center lines. This 
enables the engine to relocate the linos at any time. It is not 
necessary to attempt to establish an exactly horizontal center 
line, as this is best done after the engine is placed on the 
foundation. 

Method on Large Engines.—With large engines the proper 
method is to use an engineer’s transit in locating the engine’s 
center line. The transit is set under the existing shaft and 
sighted along the shaft. Dropping two plumb lines from the 
shaft makes the locating of the line an easy problem. After the 
line of sight is established, and the datum mark made, the transit 
is turned 90 deg. and a stake set along the desired engine shaft 
line. Moving the transit to this latter stake, it is sighted on the 
datum stake or mark. This establishes a line of sight at right 
angles to the lineshaft. Turning the transit 90 dog. and driving 
a stake along the new line of sight gives two points in a line 
parallel to the datum shaft. After these two points arc located, 
a strong piano wire run through them will indicate the desired 
engine-shaft center line. The anchorage for the wire ends should 
be substantial since workmen in moving material quite often 
strike it. 

Foundation Form. —The foundation drawing showing the 
crankshaft and pulley-wheel center line is sufficient to enable 
one to lay out the foundation pit. If the engine is small, say 
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under 50 hp., the dirt walls of the pit arc quite suitable for the 
foundation form. If the dirt has a tendency to cave, rough plank¬ 
ing may be placed in the pit, making a fairly good rectangular 
form. With larger engine.s it is advi.sable to construct a wooden 
form, for in most cases the foundation is not rectangular, but 
embodie.s an extension to carry the outboard bearing. In making 
a foundation, it is a good plan to provide a concrete trench or 
pip(‘ <'haise along one side of the foundation. 



This allow.s all piping to be placed under the floor and yet be 
accessible. This is much better than the all too common plan 
of installing the pipe in the floor, permanently embedded in the 
concrete. 

A typical foundation is shown in Fig. 51. At first glance the 
construction of the form may s(‘cm to be hard. Upon in8j)ection 
it is found to consist of a rectangular lower portion upon which is 
set a portion which rises above tlu^ floor to carry the etigine, and 
the block supporting the outboard bearing. 

Frequently, a foundation plan embodies a great number of 
steps and angles, especially in cases where the draftsman is 
allowed to indulge in his fancies. Some claim that the earth 
pressure on the steps tends to eliminate vibration. However, 
the effect is slight and more is to be gained by employing generous 
dimensions and a better balancing of the engine. The engineer 
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is advised to make the foundation as nearly rectangular as possi- 
l)le. Often this increases the concrete yardage, but concrete 
IS cheaiMir than carpenter wages in building complicated forms. 

The first step is to excavate the pit that is to carry the lower 
block, this being from 4 to 8 ft. deep, as the sizi' of the engine and 
the character of the soil may determine. The easiest method 
is to inak(‘ the pit rectangular, as example using the dimensions 
given in Fig. .51), bo ft. (i in. long by 7 ft. G in. wide, to which should 



I'Kf r)2, -Foutidtilion form in placo 

be added IS in. on each side to allow room for the forms and the 
removal of the planking. This givi's over-all dimensions of 18 
ft. G in. by 10 ft. G in. If there is no objection to leaving the 
form on the foundation after pouring, the allowance at the sides 
need bo but the thickiu'.ss of the plank plus that of the vertical 
supports. 

Proceeding with the form, 2 by 4 studding long enough to 
project above the floor level a distance equal to the height of the 
upper base should be placed against the pit walls at intervals of 
30 in. and 1-in. boards, preferably tongued and grooved and 
finished on the foundation side, nailed to the 4-in. side of the 
studding. The boards should be cut to extend the entire length 
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of each side of the pit ami should !)(■ simply tacked with liuhl 
nails just enounli to hold them in place. Witli the sides made, 
a 1-in. |)lank should he laid acro.ss the bottom of the pit in line 
with each 2 by 1 and two cleats naded at each end. When the 
sides ace stcaiKhlem'd, the base of each 2 by t rests between 
a set of ch'als holding the bottom of the frame. I’lankirif? is 
next placed anainst the dirt sides m line with each 2 by 4, and 
short strips are joined to the plank and 2 bv 1 timber. The ends 
of the form are next made in the sami' way. 'I'he foundation 
now has the appearance of Fij;. .52, while at the side of the illus¬ 
tration is a sketch of the mclliod of siipportinn the form. In 



addition a few braces should be naileil across the form at the top 
to braci' the frame and to .serve as a foundation for (he upper 
ba.se form. These braces must be no thicker than (he amount 
of groutinp; to be used. The otrsets in (he lower form are next 
made by adding a l>ox at I'acli eorner. 

Engine Templet.—Before the ipiper foundation form is con¬ 
structed, the templet for (he foundation bolts shoiilil be made and 
placed over the excavation. It is usual for (he engine builder 
to furnish this, but if the contract does not so specify, the engi¬ 
neer can easily make one up from the dimensions .shown in the 
foundation plan. For a small unit 0-in. finishing lumber 1 in. 
thick is acceptable. For largi'r units thi're is not enough rigidity 
in such light material, and Ij j >>>' himlier should be used. 

Assume that the blueprints show the foundation bolts and 
engine shaft and flywheel center lines to be as shown in Fig. 53. 
Two planks about 12 ft. long should have the engine-frame bolt 
holes laid out and bored. Cross strips and a center strip at 
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least 16 ft. long should then be laid on a smooth floor and a line 
drawn down its center. The longitudinal planks carry the bolt 
holes and are then nailed to the cross-planking, giving a templet 
as shown in Fig. 54. It is no great matter to place the planks 
carrying the engine-bed bolt holes parallel to the shaft center 
line. In locating the flywheel and pulley-wheel center lines, a 
steel square may be laid along the shaft center line and the flywheel 
lino drawn at right angles. To check the accuracy, the .3-4-5 
method may be used. The outboard bearing bolts are located 
in the same manner. The templet should bo thoroughly rein¬ 
forced and, after being placed on the foundation form, should be 
rechccked, for alignment of the center lines. 



The tcmi)let is often swung from rods or heavy calfle siispenihid 
from the roof. In this way, if the templet is shifted by accident, 
it will return to its true position. This method cannot be used 
in all cases, and the templet may be set on the form. A good 
plan is to drive in heavy posts some distance away from the 
foundation and suspend the templet from timbering nailed to 
these posts. This eliminates all damage of misalignment due 
to shifting of the foundation form. This method is largely 
followed but is not the best. The one method that is free from 
criticism is the use of two heavy timbers, about 12 by 12 in., to 
which are bolted cross stringers of 6 by 6 in. The templet is 
suspended from this framing by bolts, and, if the ends of the 12 
by 12 timbers rest on solid footings the entire framing is rigid. 
If the engine is of medium size, 8 by 8 in. will serve for the bear¬ 
ing timbers. Such a structure will not move in event a barrow of 
concrete is thrown against it. 
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With the templet in place the foundation bolts should be hung 
from it and it should Ixi lowered or raised until its bottom is on the 
level of the top of the upper form. The templet should now be 
fastened rigidly to the supporting posts previously mentioned. 
It is also necessary to level the templet. This is not difficult for 
by using a spirit level a close api)ro.\imation of the true level is 
secured. A variation of I 2 in, is not serious, as this can be 
corrected when leveling the engine bed. 



Fio. 55- -Suspending tenipluto over foundation excavation. 

Next in the process i.s the construction of the upper foundation 
form and the form for the outboard-bearing support. All that 
is nece.s.sary is to build up an oi)en-l)ottom, open-top box at the 
proper place. The cros.s-timbers holding the top of the lower 
form are used as a basis of the framing for the upper form. 
No timbering .should project into these open boxes, for if so, they 
will be cov('red with the concrete. 

In the matter of the foundation bolts practice varies. It is 
necessary to have some play in the bolt.s, for the engi7ie-b(!d bolt 
holes are cored and may be slightly out. A convenient tube to 
place around the bolts in order to have the bolts free to move is 
2H- to 3-in. water spouting made of galvanized sheet steel. 
These are light and less costly than iron pipe. In large engines 
it is quite common to use such tubes together with recesses at the 
bottom, access to which is from the side of the foundation base. 
This has the advantage of allowing the engine to be moved onto 
the foundation without the necessity of being lifted to clear the 
protruding bolts. The bolts are then dropped in and a nut and 
washer placed at the bottom of the bolt as well as the top. The 
objection to this method is that it is hard to screw on the lower 
nuts since one must work in a very confined position. Prefer¬ 
ably, the bolts should be set into the foundation before the latter 
is poured. Washers, say 6 to 19 in. square should be placed at 
the lower end of the bolt. 

7 
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Foundation Material.—The proportioning of the concrete 
ingreilicnts variea over a wide range. It depends to a consider¬ 
able extent upon the character of the sand and gravel used. It is 
obvious that, if the gravel is not \va.shed, the proportion of sand 
would be less than where a clean gravel was obtainable. For 
heavy foundations such as the one under discussion, a ratio of 
1 part ('.eiiK'id,, 2 |)art.s sand and I) parts gravel, or crushed 
rock, is advi.sable. This mixture posse.s.ses ample binding 
strength and is free from the danger of cracking which develops 
when a leaner mixture is adopte<l. In order to lessen the foun¬ 
dation expense, many replace the grav(‘l or crushed stone by 
broken brick. 'I'he objection to the brickbat lies in the danger 
of .serious fractures; furthermore, unless they are clean, a good 
bond with the cement cannot be secured. Upon pouring the 
conglomerate into' the excavation it should be thoroughly 
ramtiK'd, especially at the corners. Knoiigh water should be 
added to make tin' mixtun' “(piaky,” but not enough to cause the 
cement to be lost by leakage. 

In most installations the process of pouring the foundation 
('xtends over a period of several days. I'iach night IIk' surface 
should be given a thorough wetting down to prevent any pre¬ 
mature .setting during the night. If the weather is cold, an old 
cai'lM't or other covering can be placed over the foundation to pre- 
viuit freezing. It is seldom neces.saiy to place a foundation in 
freezing weather, but when such conditions do exist the water 
should be warm, and a liberal covering of straw and old carpets 
placed over it each night. After bringing the foundation to the 
desired level, the surface should be left in an unfinished condition 
and dampened each night. This keeps the surface concrete 
green and allows a good finish coating to be applied after the 
erection is complete. 

Often the foundation print shows no reinforcing steel. With 
any oil engine there is need of tie bars inserted in the concrete. 
It is not necessary that special bars be purchased. Old steel 
rails, discard I-beams and the like are just as serviceable. A 
row of rods or bars laid longitudinally with crossbars at frequent 
intervals for a reinforcing matting will bind the entire structure. 
The steel .should be laid about halfway from the base. 

Vibration.—One of the objections voiced against the installa¬ 
tion of a Diesel engine in an office building is the vibration so 
often present in the internal combustion engine. There is no 
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adequate defense against this charge, for, ns often installed, 
an oil engine sets up vibrations that can be felt even in large 
buildings. 

In preparing the foundation for these installations a layer of 
felt at least 10 in. thick should be placed over the entire 
bottom of the foundation excavation. A concrete retaining 
wall t) in. thick .should be built about the foundation. This 
wall .serves to keep the earth from touching the foundation. A 
wooden form for the foundation is then placed within this 
retaining wall. The form can be made of 2 by 4-in. stiulding and 
1 by 12-in. rough boards. TIk^ 2 by 4’.s should not touch 
the retaining walls but should be supported by wedges. .After the 
concrete is in tin* wedges can be removed; this will allow thi! 
wooden forms to be dismantled. The distance between founda¬ 
tion and retaining wall ought not to be le.ss than 8 in. With 
this construction the foundation is not bound in any way to the 
building and the layer of fell will ab.sorb idl the shocks incident 
to the engine’s operation. 

Since the horizontal engines are, as a rule, more inclined to set 
up longitudinal vibrations due to (he horizontal (hrust, moro 
inas.sive foundations are required than for a verticid engine of the 
same number of cylinders. 

With any concrete foundation, after (he engine is erected a 
heavy coating of water proofing l■enlcnt mixture makes an ideal 
finish. This eoating will .serve to keep any oil from seeping into 
the concrete. 

Unloading Engine.—An engine is u-iially .shipped on a flat car, 
although at times fiat-bottom coal cars are called into service. 
If the latter, one end mu.st be removed in order to get the engine 
off the car. 

Various methods arc followed by erecting engineers, the par¬ 
ticular one used depending upon the plant location and other 
considerations. It is usually feasible to have the car .set so that 
one end is acccs.sible. A good plan of unloading is to construct 
a runway leading from one end of the car to the ground, as in 
Fig, 56, at an angle of not over 20 deg.; a steeper incline causse 
the engine to become unmanageable. 

The engine frame, which in Fig. 56 is of the horizontal type, 
is lifted with ratchet or gear jacks and 6-in, maple rollers placed 
between the skids and car floor. Since the flooring is laid cross¬ 
wise, 2 by 12 planking should be placed lengthwise of the car for 
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the rollers to rest on.. A rope-tackle block should next 

be fastened to the franle at some convenient place, such as 
around the bearing housings, and the second block chained to the 
railroad track or drawbar. The rollers supijort the frame with 
ease, and men can roll the frame to the end of the car with little 
trouble after getting it started by ii.sing a couple of jack.s tilted 
against the skids at the back end. When the engine frame pro¬ 
jects over the car floor enough to tip, the tackle block, ahead}' 



mentioned, should l)e tightened so that the front of the frame will 
come down on a roller without jar. By easing off on the tackle the 
engine will roll down the incline without hitch, rollers being 
placed under the skids at intervals of about H ft., see Fig. 57. 
If maple rollers are not at liatid, li- or 4-in. pipe will do. 

To move the engine onto the foundation, a runway of planking 
will make a good path for the rollers. Upon arrival at the 
foundation, the frame may he jacked up until the rollers can be 
moved onto the foundation or the runway inclined so that the 
rollers carry the engine onto the foundation. 



Fia. 57.—Unloading engine. 


Lowering Engine on Foundation.—As soon as the frame is in 
the proper position, the skids are removed.' By using jacks at 
three of four points the frame may be lowered onto a set of 
wedges. These wedges should not exceed 1 in. in thickness at 
the heavy end, and should be 3 in. wide by about 8 in. long. A 
jack’will seldom lower closer than 2 in. of its footing, and so it is 
often necessary to make a depression in the concrete into which 
the jack is set. The hole need not be over 2 in. deep if step, or, as 
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they are usually called, Barrett railroa*!, jacks are used. These 
will usually rai.se 10 tons without daiiK<‘i' "f l>reakin(i:. 

For heavier frames, ({('ared or hydraulic jacks should he used. 
These will lower to about 2 in. of the bot tom. The geared typo 
of jack is to be preferred, since a man can lift 10 tons with case. 
Fifjure .58 outlines the method of lowering the frame. Fnlesa the 
frame weighs more than 10 tons, three jacks should be used, as 
this allows the leveling to be aeeomplished more easily than with 
four or more jacks. 



The same procedure is followed with a vertical engine frame. 
In many of the vertical engines, the frame rests on a base which 
i.s by no means difficult to handle. This bed or subbase must 
be placed on the foundation and lcv(!lcd before the engine frame 
proper is set. 

Leveling Engine Bed.- Many oil engines are provided with 
adjusting screw.s along the lower edge of the base, as in Fig. 58 .d. 
In leveling up, iron plates about 4 by 4 in. arc set under these 
screws. It is well to level the plates, grout them in and allow 
the cement to harden before the screws are brought down against 
the plates. If soda is mixed with the cement the grouting will 
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harden in 10 min. By manipulation of the screws the frame is 
easily made level. 

If the engine has a horizontal frame it is often leveled hy plaeinj? 
a spii it level across the planed tops of the bearing housing atid 
lengthwise on the housing. This will give a very close approxi¬ 
mation of the true position. The erector must bo careful that 
the engine-shaft cenO'r line lies along the center line established 
at the time of putting in the foundation when posts with center 
tacks wer(‘ .set in to establishboth the shaft and pulley centerlines. 



> 


L 

I’lo. 58A.—Leveling engine with screws. 

In all probability these po.sts are too low to allow a line to pass 
over the frame level with the top of the posts. Under these 
conditions center-line posts should be set in as close behind the 
first posts as possible without disturbing the latter. These posts 
should be high enough to permit the stretching of the wire above 
the engine, clearing the frame by, say, 20 in. The approximate 
location is easily determined. A wire should not be stretched 
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between tlie two poste in a level position. This wire should be 
in the same vertical plane a,s the wire originally set up. The 
dropping of a plumb bob will make this ea.sy. 

The leveling of this wire can be done with a spirit h'vel. A 
good method of attaching the two wire ends for leveling is to 
place a smooth iiieee of tin over the top of one |)ost .so that the 
wire can be shifted sideways or vertically. On the other post 
erect two substantial strips, as in Fig. 58 A. To this end of the 
wire is attached a circular piece of tin, while to the other eml is 
fastened a 30-lb. weight, which is hung over the first post. The 
weight gives a uniform tension to the wire and brings the wire 
back to its position if anything displaces il. The tin washer on 
the second end, by being plaee<l behind the two strips, may be 
rai.sed and lowered, or ,shifte(l .slightly sidewi.se. This will 
allow the wire to be placed in the exact vertical plane. In 
addition the tin washer may be raised or lowered to bring the wire 
level. The leveling of the center-line wire is done by placing the 
spirit level along the wire. One cannot hold the tool level with¬ 
out some support, such jis a frame of planking or blocks. The 
level may be brought up by wedging, the wire’s [wsition cheeked, 
and the tin disk tacked into place. 

Establishing Center Line. - .Vfter this wire is put up, two wires 
should be laid at right angles to tin; lineshaft that is to bn driven 
by the engine by the well-known 3-1-.5 rule, and the distance 
from the driven shaft to the shaft center-line wire measured for 
the purpose 'of cheeking the po.sition. A steel tape should be 
used, as a linen tape is unsafe, stretching as much as 1 in. in 
25 ft. The pulley ecnti'i-lini' wire should be stretched if it has 
not already been established. Often the position of the pulley 
is marked on the shaft; if not, the position is indicated by the 
k(*yway. 

Dropping a bob to the pulley center line will show how much 
the engine must be shifted sidt'wi.se to come into the correct 
position. To bring the engine shaft o.\actly under the shaft 
center-line wire, erected as noted above, putty shoidd be hammered 
into the shaft-line centers and a small mark made in the exact 
centers. This is found by calipering the shaft. If plumb bobs 
are dropped from the center wire, the erector will be able to 
shift the engine the slight amount needed to bring these centers 
squMe with the bobs. Since the weight will always bring 
the wire back to its level position, the bobs may for convenience 
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be hung from the wire. A good erecter, with the foundation 
bolts to guid(^ him, should have the engine in a position that will 
require but little shifting. The next step is the leveling of the 
frame. Since the shaft is bedded in the bearings in its proper 
place, all that is nec(^ssary is to level the two ends of the shaft 
and then level the frame lengthwise. By measuring from the 
wire to the shaft with a pin gag(‘ the latter can be brought level 
with the wire. If the (MigiiK! is of any size it is well to remend)er 
that the long wire will not be exactly level, having a small sag in it. 
Figure 59 is a chart showing the allowance that .should be made 
for a 0.16 wire with different lengths betweeti posts. 
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Vio. 59 —Deflection of steel wire. 


If an engineer’s level is at hand it may be set up at a point 
somewhere back of the engine. The instrument is then sighted 
at a rod placed vertically on one end of the engine shaft. A mark, 
cut by the hair line of the engineer’s level, is made on the rod. 
Next the engineer’s level is swung so that it will be in line with 
the mark when the rod is held on the opposite end of the shaft. 
One end of the frame must be raised or lowered until the mark 
again cuts the cross-hair. The leveling should be rechccked 
at least once. It is seldom, though, that such an instrument is 
available, although for engines over 500 hp. it should be u.sed. 

To align the frame lengthwise of the cylinder bore, it should be 
sufficient to level the bearing housing, although a safer procedure 
is to run a center line through the cylinder. 

Leveling Small Engines.— A customary method, which, while 
apparently crude, is often followed successfully on small engines. 
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is the leveliug l)y means of a 8|)irit level with a groove in one 
surface. This is plaeed on the engine .shaft, and by the cross 
bubble brought up in the proper po.sition. i/ongitudinal align¬ 
ment of the shaft is then indicated by the second bubble. 

Leveling Vertical Engines.—The leveling of vertical engines 
calls first for the placing of the subbase on the foundation, and 
its leveling. Engines as a rule have gage marks on the siddjase 
immediately below the shaft center line. With thi'se gages no 
difficulty is experienced in leveling and setting the base in its 



Fit;. GO.—Kiisy way to engine. 


place. lu the alisimce of such gages, a board may bo placed in 
the two outer bearings with a center line in each board. Still 
another method is to locate the center of the bearing and make a 
scratch on the face of the Ix-aring at the bottom. This gives 
the center plane, and measurements can be taken from the 
bearing bottom rather than the shaft center. After the engine 
base or subbase is properly leveled and set, the foundation bolts 
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tihoiikl be drawn up against the frame, but no great pressure 
should be used, for there is danger of distorting the frame. 

Vertical engines of 200 hp. and less, especially high-speed units, 
arc almost always shipped with cylinders in place and the shaft in 
the bearings. It is costly to remove the cylinders for aligning pur¬ 
poses. An excellent method of leveling this type of engine, and 
one often used in horizontal units, is the running of a center line 
along one side of the foundation, parallel to the driven .shaft. 
All that is retiuircd is to .set the engine so that both ends of the 
shaft are equal distances from this line and that the shaft bottom 
at each end is the same distance below. A leveling bar as shown 
in h'ig. GO is tnadCj preferably of haril lumber, being glued and 
screwed at the joints. This is placed under the shaft and in 
contact with it at the side and bottoiTi, and is provided with the 
block A eriual to one-half the .shaft diameter. A spirit level set 
on the bar will show when the shaft is level with the wire, while 
a mark on the bar will allow the engine to be shifted until both 
ends of the shaft are eipially distant from the wire. This is an 
excellent method, and has the advantage of removing the center 
line from the engine. If the .shaft is not of the same diameter 
at the ends, accurate spacing blocks placed on the bar to ecpialize 
the discrepancy will do nicely. For engines of less than 3(K) hp., 
this leveling method is the most practical of all. It is not neces¬ 
sary to have the wire level with the desired shaft center tine. All 
that is required is that the line be level and parallel to the future 
engine center line. 

Grouting the Engine.—Before running the grouting, boards 
should bo placed around the foundation, extending above the 
surface the desired depth of the grouting. A mixture of one part 
sand and one part cement should be thoroughly mixed with 
enough water to make it flow readily. This is poured in around 
the base and troweled into the center of the foundation. The 
space between the bolt and iron piping should also be filled. 
Each bolt-hole should be filled completely, and the ordinary 
laborer should be watched to prevent him from covering the top 
of the foundation before fully filling the holes. 

Enough grouting should be poured in to fill the space up to the 
top of the boards already mentioned. As the cement sets, the 
boards may be removed and the grouting troweled down at a 
bevel. After this has set for several days, the foundation-bolt 
nuts should be drawn up tight and the iron wedges knocked 
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loose, or, in ease of screws, these sliould l)e l)aeke<l off a little. 

With vertical units the engine base or A-fratnes must he 
placed on the .subbase after the latter is leveled. This is not 
difficult, and it is merely neees.sarv to set the b.ase or .\-frame.s .so 
that the drowel pins can be driven into their recesses. 

Putting on the Cylinders. -Continuing on the erection, the 
cylinders are placed on the base. If an I-ljcnni trolley and a 
suitable chain hoist .are in the 
plant the handling of I lie cylin¬ 
ders is e<a.sy. Since the cylinders 
must bo centered over the studs 
on the top of the ba.se they innst 
be held exactly vcriical by the 
hoist to previ'nt jambingon the 
studs. The author recommends 
that a () by (i timber be cut long 
enough to extend ovi'r the cylin¬ 
der top. Holes large enough (o 
accommodate the cylinder head 
studs arc bored in this limber, 
and the latter slipped over two 
opposite .studs, and the nuts 
.screwed on. Ry wrapping a 
chain around the center of the 
timber and engaging the chain in 
the hoist hook, the cylinder can 
bo lowered over the studs without 
trouble. This is shown in Fig. 

61. PIvery plant .should be 
equipped with an I-beam trolley 
and differential hoist. This 
hoist should be of at least 5-ton 
capacity. The I-beams can rest 
on brick pediments that are incorporated in the building 
walls. In case such equipment is not available, it becomes neces¬ 
sary to construct a wooden frame similar to P'ig. 61 A. The top 
beam should clear the frame by at least 10 ft. to give ample room 
for the blocks. If timbers of sufficient length arc not obtainable 
the frame can be made of built-up timbers constructed of six 
planks 2 by 2 in. in size, lag-screwed together. Stout planking 
should be placed along the side of the engine to prevent the 
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cylinder damugiiiK (he fratm; as it is hoisted to tlic toj); 6 by 6 
cross timbers can be laid across the top of the frame to act as a 
landing for the cylinder. These tind)cr.s guard the studs against 
damage. The tackle blocks, or chain hoists, which should have 
at least 5-ton lifting capacity, are fastened to the cylinder top. 



()I A.- Usiiig .l-friiinc in iihsonfu of chain hoi?>L 


and it is raised until it can be lowered onto the (j by (i in. platform. 
It is always advisable to use two blocks. This is a safety measure 
in case oiu! breaks. After the cylinder is placed on the jilatform 
it should be pinched into place over the studs. All the timbers, 

J ^-^-n 

•'ll I I 



save two outside the bolt circle, can be removed. By lifting the 
cylinder with the blocks, which have been centered above the 
cylinder, the two timbers are withdrawn and the cylinder lowered 
onto the frame. 

After the cylinder is in place a plumb bob is dropped through 
it. To do this a metal or wood strip, similar to Fig. 62, is 
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fastened to one of tlie eyiinder-head studs. A wa.slier is attached 
to the l)ol) line aft('r llie line has lieen picssed through the slot 
in the stiap. d'he strap is t)lai'ed over th(' approximate evlinder 
center. The slot allows the hob line to be mov('(J until it is 
exactly center. To center the plumb line at the top of the 
cylinder, a pair of insid(' calipers are used. This cenl(‘rinK calls 
for the greatest patience on the part of tin' erector. After 
cent(‘rinK the line at thi' top, 
nieasurement_s must, be taken 
at th(‘ bottom of the cylinder to 
ascertain if the bob lin<' is central 
at this place. Since both the 
cylinder flange and frame top 
are machined true, it is .seldom 
that the evlinder does prove out 
of plumb, providing the frame 
has been properly set. If this 
should occur, the frame must be 
wedgeil uji until the evlinder 
ce iter line is plumb. If the 
engine is multi-cylindered a 
plumb is droppeil through each 
cylinder and kejit in place until 
the engine shaft is lined ii]), Fig. 

02A. The bob lines must 
square with the shaft center line. 

Practically the same nnhliod can 
bo followed with the A-franu' 
engine. Many engineers do not. I'le Ci 2 .i ■ AhKnnig ryliudor ami 
check the cylinder alignment, 

feeling that the factory has already done this and has projierly 
doweled the castings in place, but it pays in the long run to 
check it. 

Centering the Shaft.--It is necessary to cheek the crankshaft 
bearings to insure that the shaft will be .square with the cylinder 
center line.s. Two metal or wood strips, should be fastened to the 
ends of the engine frame, as in Fig. 02 A, with a piano wire 
stretched between. The disks should be moved until the hori¬ 
zontal wire just touches the three cylinder plumb lines; the 
wire should bo leveled at the same time with the spirit level. 
The bearings, which have been placed in their housings, should 
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be calipered to see if the line is central with each bearing. If a 
bearing is out, then it must be shifted until it registers central. 
With the wedge-type bearing this alteration can be obtained by 
proper movement of the wedges. If the bearings are of the non- 
ndjustable shell type it becomes necessary to scrape the high 
bearing and shim up the low ones. In most engines the bearing 
hou.sings arc bored in alignment, and it is only noees.sary to see 
that the bearing shells arc of the same thickness. This makes 
each bearing in alignment, and the cylinder lines must check if 
the cylinders have been properly fitted. 

Bedding the Shaft.—Before the shaft is lowered onto the bot¬ 
tom bearing shells small lead wires about 3''32 in. in diameter 
should be placed along the bottom of each bearing. When the 
shaft is placed in position these wires flatten out. By raising 
the shaft those wires can be removed and their thickness measured 
by a micrometer. If the lead is of the same thickness throughout 
its length, the shaft ovid(mtly bears evenly in a longitudinal 
direction. If any unevenness is present the shell must be 
scraped to a fit. To check the area of the shell which is support¬ 
ing the shaft, the shaft can be coated with Prussian blue and 
rotated. Upon lifting the shaft the bearing will show which 
points are high or low. Scraping the babbitt will bring the 
surface to a perfect contact. 

Many erectors have the habit of using a chain sling on the 
shaft. This is ab.solutely out of place with a Diesel engine. 
Sacking wrapped about the shaft and the use of rope slings will 
eliminate all danger of scoring the shaft. It requires only a 
small dent or cut on the journal to ruin a bearing. In handling 
the shaft it is advisable to suspend it by slings from each end; if 
possible, the slings should be tied on the shaft at other than 
journal joints. If no traveling crane is at hand, two wooden 
forms, such as indicated in Fig. 61 A, can be constructed. 

Aligning Outboard Bearing.—With an engine employing an 
outboard bearing the alignment of the extension shaft merely 
necessitates the continuation of the shaft center line. In erec¬ 
tion the main point that demands the exercise of extreme care is 
the bolting of the extension shaft to the main shaft, or to the 
flywheel, as the design may be. The flange bolts should be drawn 
up uniformly, a part turn of each nut in succession. Some 
erectors are in the habit of bolting the two parts together with 
the outer end unsupported by the outboard bearing. They 
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tlipn turn thn piiginr over and adjust tho outor boarinn against 
the shaft end. 'I’lie danger here lies in (he liability of the 
unsupported shaft weight throwing it out of level. Many hot 
outor bearings ean be adributod to (his earelessness. 

In leveling (he extension shaft and outboard bearing, erectors 
follow various mediods. A good plan is to raise the outboard 
bearing until the shaft no longer touches (In' main bearing next 
to the flywheel. This journal is coated with Prussian blue 
and the outor bearing is tlnm lowered until (Ik? blue is rubbed off 
by the lower shell when tin' shaft is rotateil a half turn or .so. 

Putting on the Flywheel. -The work of putting the flywheel in 
position is often difficult, due to the building arrangement. 
On the basis first that the unit is a belted machine, the extended 
shaft is set in place and the out bearing aligned, after which 
the shaft is removed. One-half of the flywheel should next bn 
skidded to the side of the foundation and in front of the flywheel 
pit. The half is then up-ended, and by attaching rope slings 
to the arms the casting is lifted and swung over (he pit. (Toss 
blocking is j)laeed in the pit ami (he wheel half is lowered until 
the hub is approximately in position. 

The shaft extension is next swung into plaeie If room is 
available it may be shifted lengthwise into its po.sition. Unfor¬ 
tunately the usual plant has little room at the end of the engine 
and the shaft must be rolled along the (‘iigine until it is opposite 
the flywheel. It may then be lifted enough to clear the flywheel 
resting in the pit and after cross timbers are jilaced under the 
shaft the latter may be rolled into po>ition. With the shaft 
supported by the hoist the cribbing is removed until the shaft 
half of the coupling fits into the engine coupling half, and the 
shaft end rests in its bearing. Uefore tightening the coupling 
both the alignments of the .shaft should be cheeked. Some engi¬ 
neers merely shift the bearing until the extended shaft shows no 
sign of wobbling but this is by no means good practice. 

Installing the Generator.—With a unit direct-connected to a 
generator the procedure follows the same general line.s. The 
shaft, however, must bo placed high enough above its tme 
position to enable the generator frame to be moved onto the base 
or rails. This requires the blocking of the shaft and rotor in 
such a way that the generator can be shifted over it. As soon as 
the shaft end is exposed blocking should be placed under it. 
When the generator is moved up to the position of the rotor the 
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shaft should he shifted until the generator will pass over the rotor, 
without cramping. To do this, blocking should be placed 
in the generator pit until the generator can be mov(al over the 
pit. Of course, if tlu^ generator sets lev(;l with the floor or above 
it, tlKU’c is no difficulty, for the shaft may be placed in ('.xact 
position before the generator is moved. When the genej-ator 
sets it) a pit the lowering of the frame, shaft and rotor at the same 
time is somewhat difficult. There is enough air gap between 
th(? rotor and frame to allow a little leeway. 

The best plan is to run down (he leveling screws on (he genc'ra- 
tor feet until they support the generator. Part of the blocking 
under the generator is then removed. The shaft supporb'd by 
four screw jackets placed on the cribbing, each pair of jacks, 
supporting a block upon which the shaft rests, being kept from roll¬ 
ing by cleats. The whole may now be lowered until the generator 
rests on its .soh' plates, the shaft coming down into |)lace. The 
shaft must be reblockcd to allow the end jacks to bo moved and 
the outboard bearing slippcal into place. The shaft coupling 
should be connected and the alignment of the shaft and outboard 
bearing checked. 

The next step after bolting up the coupling, fa,stening the out- 
bearing and centering the generator is to put on the top half of 
the fly wheel. 

The lower half is lifted into contact with the shaft at the hub 
and blocked into place. The top half is moved opposite the 
wheel pit, upended and a slide placed under it. The casting is 
next lifted by jacks and a cribbing built under it. It is then 
moved into place over the shaft and lowered until the hub rests 
upon the shaft in line with the bottom half of the wheel. The 
hub bolts should now be drawn up a.s tight as po.ssiblc. 

Putting in Wheel Links.—The rim links should next be heated 
in a forge or like place. When at a dull red heat the links are 
slipped into the recesses in the rim and driven home. As .soon 
as they cool the rim halves are drawn together. It will be found 
that the hub bolts are now slack. It is often impossible to draw 
them tight. The best scheme is to remove the bolts, and after 
warming the bolts and nuts the nut may bo drawn up sufficient 
to make the bolts tight when the latter shrink upon cooling. 
Both bolts should be drawn up at the same time to prevent 
tightening the hub on one side only. When the wheel is in place- 
the supporting cribbing is unwedged and removed. 
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Installing Parts.—After the engine frame and generator are in 
place the piston.s and connecting rod.s are bolted up. If the 
engine is direct from the faidory the correct amount of shims for 
running conditions are alreaily between the bearing halves. 
Likewise the bal)bitt shells have been scraped and bedded in. 
Old engines or ('ngines being overhauled must have the bearings 
c.xamined and fitted to their respective' pins or journals. After 
some yeans of service Ix'arings, especially the main shaft bearings, 
take on a hard skin or surface, which is removed with difficulty. 
This is more often found in engines where a splash system of 
lubrication is used. Tin' line carbon appan'iifly gets into the 
bearings, and .settles, cutting the journals in some instances. The 
proper running clearances, etc., are taken up in the cha|)ter on 
Hearings. 

The installation of the several valves and cages is comparatively 
ea.sy. The chief point is to see that the ground or gasketed joints 
are in good condition and that the cages are not distorted by 
sledging up tin' holding-down bolts. 

Air Lines. The connections of (he air lines to and from the air 
receivers de.servc a great <leal of attention. 'I’he l)ipe is special, 
e(iual to or better than double ('xira-heavy, and in threading 
perfect threads must be made. Asfewjoinisas po.ssiblcslioidd be 
placed in th(> lines, and piovisions should be made for drainage 
before the lines reach the reci'ivers or bottles, although seldom is 
this done. If any dope is used, a mixture of litharge and glycerine 
is the only preparation with which the threads should be coated. 
It is excellent |)raclice to tin the threads, and after heating the 
fitting, screw the parts together while the fitting is still hot. 
Many fittings are rece.s.sed for a babbitt or li'ad filler—this is also 
a good scheme. 

Oil Lines.— The oil lines should be put together with good clean 
threads. No white or red lead should ever be u.sed, for the oil 
will soon saturate the lead and leak. If heavy fuel oil is to bo 
burned it must be warmed by some means in order to raise its 
fluidity to a point where the oil will pump freely. Likewise a 
small overhead oil storage tank should always be installed. 
This insures a supply for starting, and also give.s a slight pressure 
head to the fuel on its way to the pump. All danger of gas or 
air binding of the engine fuel pump is avoided. 

When a heavy oil is to be used it is a good idea to have a small 
tank of kerosene for starting purposes. In this way the engine 
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will start promptly, and after a few minutes may be shifted to the 
heavy oil. The main fuel-oil supply should be stored outside of 
the building, at least 50 ft. away, to avoid fire hazard. To handle 
the oil from this tank to the small overhead tank a motor or hand- 
driven rotary pump is c.s.sontial. If the unit is over 200 hp. the 
pump should bo motor-driven. Details will be given in the 
chapter oti Fuel Oil. 

One of the most important aeeeasorie.s in the plant is a suitable 
lubricating oil system, including a purifying and reclaiming 
outfit. This should never be omitted on the grounds of first 
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cost, for it will return its total cost in two years or less in the oil 
saving alone. Either a centrifugal separator or coagulating 
filter is good. 

Tools.—Many other features will be touched upon in the 
several following chapters. Before closing this discussion 
mention must be made of tools. A plant worthy of its name 
should be fully equipped with a good supply of drill bits, ham¬ 
mers, chisels, punches, scrapers, blow torches, soldering outfit, 
drill press, lathe, electric drill and electric grinder, files, screw¬ 
drivers, levels, calipers up to the piston diameter, and such 
tools as the engineer will find necessary. A board carrying all 
tha wrenches furnished with the engine should be placed on the 
well close to the machine. The small tools should be kept in 
a set of drawers or glass-front shelves in the engine room or tool 
room. The successful engineer in either a stationary or marine 
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plant wliould have a place for everything, and a set time to do all 
the routine work. 

Plant Building.- 'I'he character of the plant huilding is largely 
determined by the machine investment and the locality. 
Obviously the type of building suitable for a lOO-hp. engine would 



not be fitting for a 3,000-hp. plant. In Fig. 03 is shown the 
exterior of a Diesel plant of the Chicago Sanitary District, while 
Figs. 64 to 65 A show the plan of the machine layout, there being 
four 750-hp. engine-generator .sets. Figure 66 outlines a plant 
extension for a 500-hp. Diesel, together with the method of 
piling the foundation. 
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DIESEL ENGINE FRAMES 

Horizontal Diesel Frames.—Tho lioiizotilnl Diesels l)iiilt in 
the I'nited States are of tlie eenter-eraiik box desit^ii. While 
nas eiiKine.s have been l)uilt with overhuii)!: enuiks, the Diesel 
builders have preferred to support the erankshaft with two main 
bearings and an outboard bearing. It is generally understood 
that this eonstruetion makes a safer sup|)ort. If, however, the 
three bearings are not kept in alignment, the bending stresses 
may be greater than in ease of a two-bearing support. 

There is little that differentiates the several makes of frames; 
the weight per horsepower is fairly uniform; and the degree of 
depth, width and length of frame of the several engines closely 
agree. 

For a time after the general introduetion of the Die.sel engine 
in the I'nited States, operating engineers were more favorable 
to the horizontal frame. It was believed that the engine was 
more aeee.s.sibie than the vertical design. There is no disputing 
the fact that pistons may be removed with less trouble from 
the crank end of the cylinder. Likewise the valve-gearing, etc. 
.are within reach but the objectionable fe.ature of poor balancing 
has hindered the growth of the horizontal engine. In addition, 
when going into largo powered units, the vertical engine, due to 
a better arrangement of cylinders upon a single bed plate, will 
take up le.ss room fore and aft. 

At present the drift toward the vertical engine is almost 
universal. Only three firms arc actively building the horizontal 
engine, although there are several differemt makes in service. 
The horizontal Diesels in service include the Allis-Chalmers (Fig. 
20), De La Vergne type FD (Fig. 211), National Transit 
(Fig. 21), McEwen (Fig. 22), Snow (Fig. 19), and Standard 
(Fig. 32). 

The Standard Diesel Frame.—Being a two-stroke-cycle 
engine with a stepped piston. Fig. 77, this engine has its frame 
enlarged at the cylinder end to accommodate the enlarged 
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portion of the piston. This engine, however, has been replaced 
by the Standard’s vertical design. 

Vertical Diesel Frames.—d’lie vertical Diesels fall into Box 
frames, A-frames, Staybolt, anil Truss frames. The A-frame 



was the original design adopted in Europe, and the first Diesel 
built in the United States (sec Frontispiece) was of this type. 
This was adopted by two or more builders although at present 
only one manufacturer adheres to this frame. 

Fulton Iron Works Engine Frame.—The Fulton Iron Works, 
when it took up the Tosi Diesel, make use of the Tosi A-frame; 
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the Fulton frame appears in Fig. 67. A.s the illustration shows, 
the frame i.s extremely heavy, weighing more than that of any 
other Die.sel. 

McIntosh & Seymour Engine Frame.- The Diesels built for 
several years by the McIntosh & Seymour C'orporation employed 
the A-frame design, as will be .seen upon examination of Fig. 83. 

Of recent years, since 1918, the box frame, Fig. 68, for station¬ 



ary engines up to 1,000 hp. has been u.sed although at pre.sent 
750-hp. Dic.scls with the Mclnto.sh <fe Seymour Marine Diesel 
framing have been installed in stationary plants. The McIntosh 
& Seymour A-frame was the hrst introduced in other than 
experimental Die.sels in the United States, at that time all others 
were either box-frame or vertical engines. 

While it is impossible to enumerate all the reason.s for the drift 
to the box typo of framing, undoubtedly the two important 
factors have been the item or replacement and the question of 
accessibility. In case of cylinder jacket fracture, which has 
occurred at times, the entire A-frame must bo replaced or welded, 
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while with the box-frame only the cylinder casting need be 
repaired. Besides, the A-frame makes the handling of the 
crankpin bearing most difficult, for the space around the crank is 
by no means liberal. 

Nordberg Type VE & EG Diesels.—The type VE and EG two- 
cycle Nordberg engines have A-frames wherein the cylinder 



Fia. 08.4.—Nordberg Typo Y.E. frame. 


jackets are cast with the supporting legs or A-frame. The VE 
engine is shown in Fig. 68 A. Cross heads are used on the engines, 
the guides for which are cast as pads on the A-frames in preference 
to the customary plan of having bolted guide plates. 
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Dow Diesel.—The Dow Diesel (lesixii, (>9 embodies tho 
A-frame. The cylinder liner is pre.s.sed into this ea.sting which 
in turn is mounted u|)on a heavy sul)ba,se. The shaft liearing.s 
are seated on the cros.s member.^ of the subbiuse. 



Fia. 09.—Frame of Dow engine 


McIntosh & Seymour Box Frame.—The box frame engine 
appears in Figs. 17 and 68. The frame consi.st.s of a low subbase 
upon which rests the frame proper, which is in the form of a box. 
Immediately in front of and behind each crank is a largo inspec¬ 
tion door. The shaft bearings are supported on cross girders 
which are cast with the lower or subbase. Small openings in 
the main frame in line with the bearings permit tho inspection 
of the bearings while the engine is in operation. 
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Busch-Sulzer Type A.—This ('tij'ino is no longer manufactured 
as ilK'ir preseid engines are of more modern designs. There are, 
however, practically as many of the Type A andfheirforerunner, 
(lu^ American l)i('sel, in service as any of the later-day units. 
'I'he frame is a heavy hox with tension rods reaching from the 
bottom to the top, thereby taking the working stresses off the 
cast-iron box, sec Tig. 12. 

Busch-Sulzer Type B. - The Busch-Sulzer manufactures the 
type B, four-cycle Diesel in sizes from 120 to 500 hp.; large sizes 
being two-cycle engines. 

The type B-frame is shown in Fig. tiOA, and upon examination 
it w'ill be .seen that the frame rests upon a sulrba.se which carries 
th(^ main-bearing housings. 
'I’hrough bolts or tension rods 
connect, the top of the frame witli 
till' subbase. The box frame 
it.self is thus relieved of the work¬ 
ing stresses. 'I’hc working eylin- 
(Icrs and thi' air compressor are 
held to the base by studs. Doors 
opposite each crank on both sides 
of the frame give access to the 
working parts. Small inspection, 
[lorts allow theoperator tooliserve 
the working condition of the bear¬ 
ings while the machine is running. 

Busch-Sulzer Type-C frame.— 
From 7.5t) hp. upward the Busch- 
Sulzer Co. builds the engine on 
the two-stroke cycle principle, 
Fig. 70. 

The frame, which in the four- 
cylinder unit consists of two boxes 

I'lo. cti.l. -liiisoIi-Subor Tyi'c /i bolted together by means of a 
distance hood, Fig. 15, is bolted to 
the subbase. The subbase is in two sections to allow casein 
handling, etc., and these sections arc held together by finished 
bolts in reamed holes. The bcai'ings rest in the cross girders of 
the subbase. 

Since the crosshead type of piston is used, the frame is of some 
height. The crosshead guides are bolted to the cross webs of the 








Fid. 70 --('ro''>-'soclioii of Bust h-SuIzor 'I'sin* (' 


standard Diesel Frame. The Iladfiold-l’cnficld Stool Co, 
uses a box frame for flii! Standard vortical ciigino. A cros.s- 
section of the base apixairs in Fig. 70 A, while Fig. .’td i.s a view of 
the engine a.s.sembloil. The cylinders, two or more, are bolted to 
the box which in turn is bolted to the subbaisc. 'J'ension rods 
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carry the working load. Th(' main bearing housings are in the 
cross girders of the siil)l)a.s(‘. 

Winton Diesel Frame. -The Winton Diesel has a bo.x frame 
which embodies no unusual feature. Fig. 71 is a cross-section, 
showing the method of Ixvaring and cylinder support. 



Lombard Diesel Frame. -'I'he Lombard Diesel has a bo.x 
frame upon which are mounted the cylinders, which arc cast in 
one piece with the head and cooling jacket. The box fi'amc 
rests upon a subbasc carrying the shaft bearings. See Fig. 71.4. 

New London Ship & Engine Diesel Frame.—The New London 
Ship & Engine Diesel is primarily a marine engine, and in 
consequence the box frame is made as narrow as possible. An 
iron subbase carries the box frame. A view of the engine 
appears in Fig. 72. 












Fig. 
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Truss Framks 

Nordberg F. H. Diesel Frame. The Inrgor Xordberg Diesels 
(.550 hp. per eyiinder) are provided with (lie girder-type frame, 

■nr 



Fia. 72/t.—Cylinder and frame of Nordhorg F I) DioHcl. 


Fig. 72 vl. In this dc.sign two heavy ca,st-iron vertical struts 
arc bolted to the subbase and support a working cylinder. The 
cro.sshead guides are separate strips bolted to the girders. This 
9 
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engine of 560 hp. per cylinder has the largest output per cylinder 
of any Diesel of United States manufacture, and as a consc(iuence 
the girders are exceedingly heavy. 



Wm. Cramp & Sons Diesel Frame.—The B. & W. Marine 
Diesel manufactured at the Cramp shops has the standard 
B. & W. girder frame, as shown in Fig. 73, which rests upon the 
cast-iron subbase. Each frame consists of a vertical column on 
each side of the shaft tied together by suitable cross-members. 
Upon the top of this frame are placed two distance pieces or lugs. 
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Each cylinder then rests upon four of those lugs; that is, two of 
the frames are recpiired to carry a cylinder. The inside frames 
carry the lugs for two cylinders. In this way a six-cylinder 
engine needs eight frames. The cylinders rest upon the lugs, 
through or tension rods reaching from the lower part of the suh- 



base to the top of the cylinder casting. The.sc rods transmit the 
load from the cylinder to subba.se. 

Worthington Pump & Mach. Corp. Frame.—The 1,750 hp. 
marine Diesel built by this corporation u.ses the girder type 
frame, as shown in Fig. 74. Upon the top of this framing is set a 
heavy cast-iron box running lengthwise of the engine. The 
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cylinders arc seated upon the l)Ox and tension rods carry the load 
to the subbasc. 

This engine frame is peculiar in that the front frame legs are 
provided with gaps closed hy a keyed wedge. This allows the 
shaft to be rolled out to one side for inspection without dis¬ 
mantling the entire unit. 



Fig. 75.—Snow 600 hp. vertical Diesel. 


Snow Vertical Diesel.—Figure 75 shows a view of the cylinder 
and frame of the vertical four-stroke-cycle Diesel built at the 
Snow Works of the Worthington Pump & Machinery Corp. 
The frame is a one-piece box carrying cross girders into which the 
shaft bearings are set. The cylinders are bolted to the plane top 
of the frame. The bottom of the frame is made closed, and acts 
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as a crankpit intfl which tho hil)rica(ing oil drips after cooling 
the hearings and the pistons. 

Werkspoor Frame. -Figure 3(1 ilhi.strates the frame of the 
Werkspoor Diesel. It is (piite dilTerent from the construction 
of any other engine. The cylinder head is cast in one piece with 
the liner. Throe of the.se units are then set in the cast-iron hox, 
the .skirt of each liner being sealed at tln^ lower end. This hox 
serves as the cylinder jacket and in turn is bolted to the engine 
frame girders. This camshaft is driven by eccentric rods instead 
of through a vertical shaft and bevel gear. (’rosshead pistons are 
u.sed and being short are removable through the space between 
the lower end of the liner skirt and the top of the frame 
diaphragm. 



CHAPTER VTIl 


CYLINDERS AND CYLINDER HEADS 

Since the first Diesel engines followed gas engine practice as 
much as was possible, it is not surprising that the one-piece 
cylinder was incorporated in the first designs. At the present 
time no Diesel of any size is fitted with a cylinder having the liner 
cast integral with the jacket, though a few small units do use 
it on account of the smaller initial cost and the consequent lower 
replacement expense. For cylinders of 14 in. or less in boro 
the one-piece cylinder casting has no objectionable features. 
In fact, from the operator’s viewpoint the one-piece cylinder is 
fully as serviceable as in the separate liner design. The cylinder 
walls are always amply thick for reboring. 

American Diesel Engine.—This pioneer company employed 
a one-piece cylinder, as may bo soon in Fig. 13. The bottom of 
the liner is not united with the jacket but is free to elongate 
without strain. This open end of the jacket cavity is closed 
with a cover ring which scats against a flat rubber gasket and is 
held by cap screws to the inner and outer wall ends. The top 
is not provided with cored water passages to thi! cylinder head, 
the wat('r being passed into the head by outside gooseneck 
connections. 

The lubrication of the cylinder is larg('ly dependent on the 
splashing of oil from the enclosed crankcase. To make the 
oiling more certain, an oil line leads from a mechanical oil pump 
to the cylinder about midway down the cylinder. 

American Cylinder Head.—This head, a cross-section of 
which appears in Figs. 13 and 76 is of irregular shape, one side 
carrying the cavity for the air admission valve. The exhaust- 
valve cage is some of the engines is bolted to the lower side of 
this projection while in others the cavity is cast with the cylinder 
body. The hot exhaust gases pass across the bridge or separator 
A, as does also the cold air charge. The alternate heating and 
chilling of this bridge produce shrinkage cracks that speedily 
extend entirely through the cast-iron wall. This allows the 
exhaust valve to leak. Many heads have been scrapped solely 
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because of this bridge fracture. This i.s totally an uncalled-for 
extravagance since in all instance.s the fracture can be n'paired by 
welding, or by the in.sertion of a wedge of sicci. 



'rhe heail is fitted with a relief valve .siippo.sodly to blow at 800 
lb. Unfortunately few operators te.st thi.s valve; consequently 
it fails to function when an excessively high preignition pressure 
is experienced in (he cylinder. The valve carbonizes and freezes 



to its seat unless relieved by being lifted at least once a week. 

Standard Fuel Oil Engine.—The cylinder of both the horizontal 
and vertical engines manufactured by the Standard Fuel Oil 
Engine Co. is of one-piece construction, when the power cylinder 
alone is considered. As outlined in Fig. 77, the liner and jacket 
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arc in one piece, the front end of which fits into the frame casting. 
The scavenging piston works in a bored cavity of the frame which 
is not provided with any means of cooling. The power cylinder, 
as mentioned above, is fitted into this cavity and is held by a 
flange. The cylinder casting is provided with ports, both for the 
exhaust gases and for the scavenging air. The air ports, at the 
to)) of the cylinder of the horizontal unit are arranged to give to 



Fio. 7H,—Sfandiird Diesel, section throiiKh air and exhau.st ports. 


the air charge a whirling motion which materially asisists in the 
scavenging of the exhaust gases; see Fig. 78. The water spaces 
in the bridges arc smalt and tend to scale if the water is bad since 
this is the place of greatest temperature. If the spaces once fill 
with scale, the bridges arc subject to fracture. Periodical 
cleaning of the water jacket is imperative. 

Cylinder Head.—The cylinder head, Fig. 79, is water-cooled 
and contains but one opening—that for the fuel valve. Since 
the water line to the head is separate from the jacket cooling 
system, some engineers attempt to operate the engine on low 
loads with the head water line cut out. Since the head becomes 
hot, this does improve the combustion on low loads. However, 
there is danger in the liability of the head showing a fracture 
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on cooling. The joint between the eylinder and the head shotdd 
be metal to metal. In replacing the head, the .siirfaee.s require 
a thorough cleaning to avoid the risk of small particles injuring 



7!). ('\liinlrr lioad of )ior>/,imlal fiiKiiic. 


the ga.s-tight joint. In ease of a damaged .seat a thin eopper 
gasket makes an excellent .seat. 

Busch-Sulzer Diesel Type B Engine. - This engine has the 
liner east .separately from the jacket, as appears in Fig.Kt). The 
liner has a small flange at the to|), which fits into 
a recess machined in the top jacket flange. The 
bottom is not anchored, beingfree to expand 
and contract. The head has four openings, 
for the exhaust, admission, fuel, and air valves. 

The Busch-Sulzer Co. has each cylinder head 
provided with a starting valve opening. This 
is used with two cylinders while on the remain¬ 
ing cylinders of the engine the opening is 
plugged. Figure 81 outlines the head of this 
engine, with the various openings as indicated. 

The same general lines are followed on practi¬ 
cally all other vertical engines. 

Busch-Sulzer Type C Diesel Cylinder.—The 
cylinder of the Type C two-cycle Diesel consists 
of a water-jacket casting and a liner, 
engine is two-cycle the liner casting must carry 



Fjo. hO. - ('yliti- 

Since the 

Typo B engine. 


a .series of exhaust and scavenging ports, outlined in Figs. 70, 
and 82. In order to eliminate loss of air by blowing through 
into the exhaust, the scavenging ports arc made in two series. 
The upper set of ports controlled by a rotary valve driven off 
the governor shaft. The exhaust port is longer than the lower air 
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scavenging ports, with the result that these exhaust ports are 
uncovered, before the lower scavenging ports are uncovered. 
The burnt gases then rush out and the cylinder pressure drops to 
practically atmospheric before the lower scavenging ports are 


I 


r'm. 81. -Cylinder head uf Jiusch-Suizcr Type /i Diowel. 

uncovered, 'fhe opening of these valves allow the scavenging air 
to blow into the cylinder, forcing the remainder of the gas 
out through the exhaust ports. Upon the reversal of the stroke 

f . the upward movement of tlu; 

I piston covers the lower set of 

U air ports. The motion of the 

r rotary air valve allows the air 

iTti ' to continue to blow through the 

I i upper set of ports, scavenging 

I I IP I the cylinder after the piston 

- ' covers the exhaust port. 

VI I This scavenging method cn- 

11 I ablcs the cylinder pressure to 

Jk I I —< ■«k drop very low before the scav- 

l| I k enging air blows in. The air 
OOOI pressure may then be very low 

i||[LQ I —iu some engines using port 

■III* I I ~ Y scavenging the air pressure 

W I //I ^ must be high to prevent the 

1 gases in the cylinder from 

I 1 I backing up into the air pass- 

1, oo n .. „ , ages. The rotary valve not 

lio. 82.—Cross-soction Busch- , ,, , , 

Suizer Type c cylinder. only allows thorough scaveng¬ 

ing but likewise enables super¬ 
charging, or the filling of the cylinder with air above atmos¬ 
pheric, to be obtained. 

In the Type C engine built since 1922 the rotary scavenging 
valve has been eliminated. As a substitute the upper scavenging 


FI a . 8 2.—Cross-soction Buscli- 
Sulzer Typo C cylinder. 
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ports are sealed by a set of shutter air valves of the same design 
as the valves used on the Type C scavenging pumi). When the 
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McIntosh & Seymour Diesel Cylinder and Cylinder Head.— 

The McIntosh & Seymour Co. in its A-frame engines extends the 
frame to act as the cylinder jacket. The liner in many respects 
is the same as is found on a box-frame engine. This frame and 



Fig. 85. —Melnto.sh & Seymour (Tosshoad type engine. 


cylinder construction is very popular with European manu¬ 
facturers but is losing favor in the United States. It offers the 
serious objection of high replacement cost in event the cylinder- 
jacket wall fractures. This has happened on a few occasions in 
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this country and led to its abandonment by at least one inanii- 
facturer. Figures 83 and 81 illustrate the Melnlosh & Seymour 
A-frame cylinder. 

McIntosh & Seymour Box-frame Cylinder.—Tin* Type B 
and trunk piston marine Diesels of the Meintosli A Seymour Co. 
have cyliiulers similar to that shown in Fig. tiS. 'I'he erosshead 
type Diesel has a cylinder along the .same lines as outlined in 
Fig. S.-). 

Cramp’s B. & W. Cylinder. -'I’he eyiinder of the liiirmeister & 
Wain Diesel as manufaetiired hy tin- Cranif) Co. follows the 
European 15. & W. design. The eyiinder is provided with a liner 
as shown in Fig. 73. The cylinder easting rests on distance 
Iiieees which in turn si't on th(' frame standards. 'I'he eyiinder 
heacLs are siiuare rather than round and are bolted together in 
units of three. Long ti'iision rods pass from the suhhasi' to the 
top of the cylinder jacket, see Fig. 41. 

One of the novelties of the engine is the removable partition 
placed on top of the frame standards below the eyiinder. This 
partition is jirovided with a piston rod stulling-hox and prevents 
the leakage of any wafer into the crankcase. 

Worthington Vertical Diesel Cylinder and Cylinder Head.— 
The vertical Worthington Die.sel cylinder consists, as usual, of a 
liner pressed into a jacket. These cylinder eastings carry lugs 
at the ha.se, resting upon a ho.x girder. The ginh'r in turn is on 
top of the vertical frames. 'I’he use of the box girder affords a 
.seal, separating the eyiinder from the crankcase. In this manner 
no oil or water can enter the case from the cylinder. In addition 
the girder which carries three cylinders effectively ties the 
cylinders together, making a rigid eonneetion. The cylinder is 
shown in Fig. 74. 

The cylinder head is of the usual four-valve cavity easting. 

Dow Diesel Cylinder and Cylinder Head, 'i’he Dow Diesel 
uses the English Willan's Die.sel design. 'Fhe liner is pres.sed 
into the A-frame, being held hy a llange at the top and rubber 
sealing rings at the lower (‘iid. The head follows modern |)rac- 
tice, as revealed in Fig. 09. 'I'he easting has four valvi' cavities, 
the fuel valve being in the center, with the adrni.ssion and exhaust 
valves at equal distances. 

Winton Cylinder and Cylinder Head.—'fhe cylinder of the 
Winton Diesel is somewhat unusual. The fact that the cylinder 
is small in size explains the design of a one-piece liner and jacket. 
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McIntosh & Seymour Diesel Cylinder and Cylinder Head.— 

The McIntosh & Seymour Co. in its A-frame engines extends the 
frame to act as the cylinder jacket. The liner in many respects 
is the same as is found on a box-frame engine. This frame and 



Fig. 85. —Melnto.sh & Seymour (Tosshoad type engine. 


cylinder construction is very popular with European manu¬ 
facturers but is losing favor in the United States. It offers the 
serious objection of high replacement cost in event the cylinder- 
jacket wall fractures. This has happened on a few occasions in 
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The head is of standard construction. The valve cavities an! 
.separated from the water space of the cylinder head hy thin 
thimbles instead of east-iron wails. The thin-thind)l(! walls 
transmit heat more readiy than the thicker iron walls, in this 
way reducing danger of fracture and overheating of the valve 
cages. 



Lombard Diesel Cylinder and Cylinder Head—The Lombard 
Diesel has cylinders of a one-piece design, Fig. 1\A. This casting 
also includes the head. Due to the arrangement of a separate 
skirt, the piston is easily removed from the bottom without 
disturbing the connecting rod. 

It is the claim of this as of other manufacturers who use the 
integral head and cylinder that the danger of a fractured head is 
in direct ratio with the number of times the head is removed. 
The head bolts are seldom drawn up uniformily, and this, it is 
claimed, causes most fractures. 
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'I hoi(^ are appan'titly certain advantages in this construction, 
but these an; soinewiiat offset by the expense of rei)lacemcnt if 
tlie head does fracture. 

Cramp’s Diesel Cylinder and Cylinder Head.—Tlu' cylinder 
liner of the Cramj) Marine Diesel i.s pressed into the jacket as 
shown in Fig. 73. 'I'hc jacket is of a length such that an open 
space is provided between the frame top 
and the lower end of the liner. As a con- 
secjiience any unburned fuel does not 
reach the crankcase. Long tension rods 
or bolts pass from thesubbasc up through 
the 13-framcs, ending at the upper part 
of the cylinder jacket. This is .shown in 
Fig. 41. 

Horizontal Diesel Cylinders.—With¬ 
out exception all manufacturers of the 
horizontal four-stroke-cycle engine ex¬ 
tend the frame casting to enclose the 
cylinder liner, thereby forming the water 
jacket without an additional casting. 

Horizontal Diesel Cylinder Heads.—The manufacturers of 
the horizontal engine have two head designs from which to 
choose. If the head be of a .symmetrical design, such as is found 
on the vertical Diesel engine, the valves must bo placed hori¬ 
zontally. Figure 81 shows a very .symmetrical casting that is 
closely followed on the Snow Oil Engine and on the De La Vergne 
FkD. Engine This design entails increased wear on the valve 
stems, and the seating of the valve is difficult. To obviate this 
condition many manufacturers have had recourse to a head with 
the valves placed vertically. This head, in order to keep down 
the compression volume, must be built somewhat along the 
lines of Fig. 87. It is apparent that this form of head will experi¬ 
ence certain casting strains which will develop into fractures if 
they are not removed by the annealing of the entire head. If 
this procedure is followed, no great danger of fracture exists. 

This design, however, docs have one distinct advantage. In 
an engine having a flat cylinder head, such as. Fig. 81, and an 
almost flat piston head the clearance space consists of an extremely 
thin compartment of large diameter. The cooling effect is pro¬ 
portional to the exposed surface. On the other hand the design 
of the horizontal engine embodies a clearance space of some depth 



Fio. 87.—('ylinder lieatl 
design with vertical valve.s. 
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and fairly small diametor. Tho coolinR loss is thon loss. In 
effect, the standard Diesel eloaranoo ixsiuires a hij;!! compre.ssion 
ratio to secure the same compression temperature .secured in the 
horizontal Diesel with a lower eom|)ression ratio. 

In addition, when the fuel oil enters the usual eomhustion or 
clearanee cavity it cannot eontaet with the air located aloiif!; the 



outer portion of the narrow clearance space. Perfect combustion 
is somewhat difficult to attain. The oil spray also strikes the 
fairly cold iron walls, causing .soot and carbon deposits. With the 
horizontal design the fuel blows into the ma.s.s of air which is in a 
deep cavity of small diameter, (,'ombustion should then be 
easier to attain. The problem narrows down to a choice between 
better combustion and safer head construction. 

McEwen Diesel Cylinder Head. —Figure 88 is a view of the 
cylinder head of the McEwen Diesel. 

Allis-Chalmers Diesel Cylinder.— Figure 89 gives a view of 
the cylinder of this engine. 

10 
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Allis-Chalmers Cylinder Head—The Allis-Chalmers Diesel 
employs the head shown in h’ig. 90. The valves are set vertically 
while the fuel nozzle rests horizontally in the center of the head 
cover. 



National Transit Diesel Cylinder.—Figure 91 shows the cylin¬ 
der and head of the first Diesels manufactured by this firm. 
Figure 92 is a view of the head adopted for the 1918 Die.sels. 



Fro. 90.—Allj.s-Chiilmors oylindor head. 


The valves are in a horizontal position while the head casting is 
simple, thereby removing practically all danger of fracture. 

De La Vergne Diesel Cylinder and Head.—The Type F.D. 
Diesel has the cylinder liner pressed into the cylinder frame. 
The cylinder head is of symmetrical design carrying the valves 
in a horizontal position. 







Fig. 92.—National Transit 1918 design Diesel valve rocker assembly. 
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Otto Diesel Cylinder and Head. —The few Otto Diesels built 
have had the liners i)res.sed into the fr.aine casting, while the 
head has the valves placed vertically. 

Fractured Cylinders.— In cylinders having the liner cast in 
one-piece with the outer jacket there is a tendency for the liner 
to (dongatc more than the outer jacket wall since the temperature 
is much higher. If the cylinder is not designed with some means 
of allowing jacket elongation, a crack will eventually show up. 
In many ca.ses the fracture will appear at the base of the jacket 
where the metal walls converge. Unless the cylinder is well 
designed there is danger. 

This difficulty does not arise in cylinders with liners. Here, if 
fracture does occur due to other than cooling water troubles, it 
will be found that the damage may be traced to too thick a flange 
at the top. This will prevent the water from keeping the metal 
at a low temperature. In other cases, especially on largo engines, 
fractures have been traced to excessively thick liner walls. This 
made the temi)crature gradient between the inm^r and outer 
walls too great with the result that the expansion of the liner 
created cxces,sive tensile stresses in the outer skin, thus sfarting 
the break. 

In high-speed, high-powered Diesels of the marine type the 
amount of heat generated per s(iuarc foot of combustion space 
surface is large, as high as 600,000 B.t.u. per sijuare foot i)or hour. 
A good deal of this is radiant heat which is absorbed by the iron 
walls. The rate of heat absorption is so high that enormous 
compressive stresses are set up in a thin skin of metal on the 
inner side of the liner walls. The skin tends to separate from 
the rest of the metal which is at a much lower temperature. 
Fractures thus created will soon go entirely through the liner. 

These difficulties are present only in engines of large cylinder 
diameters or of high capacity, that is, with a high mean effective 
pressure. With the modern Diesel of medium speed and moder¬ 
ate rating these troubles seldom arise. 

The difficulty of fractured cylinders has been largely eliminated 
as a better understanding of the necessity for proper cooling has 
come to the operating force. It can be safely stated that most 
cylinder fractures are traceable to improper cooling. Many 
plants follow a custom of cutting off the flow of cooling water as 
soon as the engine is shut down. Since there is about as much 
heat absorbed by the water as is given up in useful work, on 
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shutting down a largo quantity of boat romains in tln^ iron parts— 
this must 1)0 takon up by tlio wafor containod in flio cylindor 
jacket. This judducos a rise in temporal ure sulheient to eau.sc 
precipitation of the salts suspended in the water. These salts 
arc deposited in the form of scale on the jacket walls. The 
action continues untd the sode becomes so thick as to preclude 
the pn,ssil)ility of proper cooling. The cylinder walls attain a 
high temperature and develop fractures becau.se of the inability 
of the red-hot walls to withstand the high cylinder iirc.ssure. Due 
attention to the cooling water will |)revent any fracture in the 
cylinder liner. 

Scored Cylinders.--In the chapter on pistons, .several defects 
that would cause piston scoring are pointed out, and the discus¬ 
sion applies to cylinders. Where the scoring is purely local in 
character, the surface can be placed in working condition by 
rubliing with an emery stone, finishing up with a patient applica¬ 
tion of a scraper. Ordinarily, since the scoring is due to piston 
distortion, the defective .surfaces are not in the plane of the crank 
and piston; consequently the reduction of the scored surface 
below the cylinder wall circle is not of any moment. Another 
type of scoring is at times encountered: this has the character 
of grooves and ridges due in the main to the .side thrust of the 
piston under the high cylinder pre.ssure. As long as the dejith 
of the grooves is 0.00.5 in. or le.ss no serious damage will occur. 
Hut when .secondary lidges appear between the original ridges, 
the liner must be rebored. 

Cylinder Wear.—It has been .slated that the amount of liner 
wear in an accurately fitted oil engine operated under favorable 
conditions, should be at the rate of 0.001 in. per 1,000 hr. of 
service. As a basis for compari.son, this figure is usole.ss. It 
fails to specify the particular part of the lincrsubjecttowcar,and 
it is too low an estimate for the wear at the critical point, that 
is, just after firing takes place. Results on a largo number of 
plants do not justify this generalization for any part of a liner 
surface. The wear varies enormously. A set of liners in the 
same engine, of the same age, exhibits different depths and rates 
of wear. For instance, the average rate of wear in thousandths 
of an inch in the case of four 12-in. liners of the same age in the 
same engine was found to be measured in thousandths of an inch 
as follows. 
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I’arnllel to tho shaft near top .2 37 3 5 3 Ofi 2 43 

At rinlit angles to shaft near top . . 2 2r) 3 43 2 93 3 06 

Showing maxiniutn variations u|) to 20 per cent and 51 per 

cent 

Ami agiliii: 

Parallel to shaft at Iwltom of slroko I 06 2 43 0 69 0 75 

At right angles to shaft at bottom of stroke 1 25 1 43 0 88 0 75 

showing even greater variations. 

No definite inference as to rate of liner wear for the .several 
parts of the wearing surface can be drawn. The wear should be 
gaged at intervals of say six months. When the compression 
becomes so low as to cause ignition failure or high fuel consump¬ 
tion, the liner should be rebored or renewed. 

Reboring Cylinders.—The natural course of wear in the liner 
increases the clearances to such an extent as to reipiire reboring. 
The liner, as an average, will need replacement or reboring every 
three to seven years, dependent on the hours of service and the 
attention it has received. 

When the engineer is confronted with the problem of cylinder 
reboring, it is well for him to .shift the work to the shoulders of 
some machine shop that makes a specialty of such work. The 
actual rcboring is not hard, neither is the setting up of the boring 
machine; however, it requires a boring bar that will cost around 
1800, and few shops are willing to place their machine on a rental 
basis. 

It is well, save in unusual cases, to secure a new liner from the 
builder as well as a new piston, if this is nece.ssary. In many 
cases the piston may be turned down and a liner to fit purchased. 

Liner Replacement.—All cylinders are of a thickness that will 
allow at least one reboring. If the liner becomes worn, after it 
has had one rcboring, or if it is fractured, the withdrawal of the 
damaged liner is easily cfTected by the use of the draw-bolt, as 
outlined in Fig. 93. The spider may be made with either two 
or three fingers; the two fingers are as serviceable as the three 
fingers. The bolt is of l/le-'n. cold rolled shafting, the thread 
having a l}^-in. diameter. The spiders are placed over the 
cylinder flange and the front end of the liner as indicated. A 
part turn of the nut will bring the rod under tension; a few sharp 
blows on the inner surface of the liner at the crank end will, in 
most cases, loosen it so that the bolt can pull it out with ease. If 
the liner resists, additional bolt tension, followed with hammer 
blows along the liner supports, will expedite the removal. • 
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In inserting a now liner the oil passages must cheek, as also 
must the dowels. After the C!V.sting has heeii driven into plaeo 
by the use of a sledge and hardwood bloek, the holt and spiders 
used in removing the discarded part can be reversed to press the 
liner into the recess. 



J-’i(i. fyliii'ItT lnHT willi mctow 

Cylinder and Head Joints. -While a few engines depend on 
a metal-to-metal joint at the head to withstand the cylinder 
pres.sures, some form of gasketing is now well-nigh universal. 
The gasket may be either a Hat copper ring, a copper wire, or a 
round rubber ring. 

The flat copper ring is very successful as a gas check and is not 
difficult to make. Its objectionable feature is the large amount 
of sheet copper that is wasted in cutting the ring. Experience 
proves that the thinner copper sheet makes the best gaskets; 
thickness of metal is ample and enables the gasket to 
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conform to the flange face. The gasket is be.st cut scant so that 
it fits ca.sily into the gasket recess. If it is so wide as to require 
driving, the edges will bend and the gasket will not prove gas- 
tight. If a gasket cutter is not at hand, a pair of tinner’s shears 
will be very satisfactory. A wooden mallet is handy to hammer 
the gasket to a flat surface. 

In case sheet copper cannot be procured, an equally serviceable 
ring can Ix^ made of No. 10 gag(! .soft copper wire; when the bare 

copi)er is not availalfle, water- 
l)roofed electrical wire of No 
10 gage may have its insula¬ 
tion burned off and the bare 
wire used. 'I’hc wire is formed 
into a circle of the proper 
diameter and the ends sol¬ 
dered together. If the cylin¬ 
der flange is not provided 
with a recess to receive the 
ring, the latter should bo 
placed inside the bolt circle, 
touching each stud. This 
allows the leverage to be a 
minimum. The wire must be 
free from kinks or bends. 

Round rubber gaskets are often used on vertical engines, 
particularly on the McIntosh & Seymour engines. The rubbi^r 
tubing is shaped into a ring of the proper diameter and the ends 
united by rubber glue. In engines where the cooling compart¬ 
ment of the head communicates with the cylinder jacket by cored 
openings at the flange the openings arc surrounded with like 
tubes. These gaskets of rubber tubing can always be obtained 
from the engine builder, but any mill supply house will furnish flic 
tubing in coils at a far less cost. 

Drawing Up Cylinder Stud Nuts.—In tightening up the 
cylinder-heail nuts, many engineers draw up one nut as snugly as 
possible before drawing up any of the other nuts. Such handi¬ 
work is evidence of a lack of mechanical knowledge and is to be 
shunned. If the top of the studs are numbered in pairs, similar 
to Fig. 94, and tightened in rotation, the head can be drawn 
down quite evenly. As example, all the nuts are run down against 
the head, then the No. 1 nuts are given an eighth turn, followed 



Fio. 91. Method of drawinnup liojid 
nuts. 
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by a similar performance on No. 2 nuts, etc. Returning to the 
No. 1 nuts, tlioy are given another I'ighth turn, etc. When 
giving the nut.s the final movement, a worktnan can strike the 
wrench handle several sharp blows with a sledge. 

Fractured Heads. -Fracture of a cylinder head is a malady 
which occasionally appears to alfliet all makes of Diesels, no 
matter what the design may be. There is no doubt that the more 
complicated heads fracture often, but even the siinjilest of head 
ca.stings do give way, usually on heavier loads. Rail wati'r, 
without ipiestion, occasions the greater number of the fractured 
cylinder heads. This especially aiiplies to the horizontal engine. 
Here, on shutting down, the water gives u]) its salts, which deposit 
on the iron surfaces. The greater part settles on the lower 
surfaces, marked A in Fig. S7. However, a part of the .soft 
sludge adheres to the vertical surfaces H. 'I’liis coaling accumu¬ 
lates until it is as much as an inch thick. Since scale is an 
excellent non-conductor, no cooling I'ffect is experienced on the 
hot cast-iron head wall which is in contact with the intense flame 
of the burning fuel. On cooling, the contraction of the iron 
gradually weakens the bond of the scale. This scale ultimately 
drops off while the engine is under load, exposing a red-hot iron 
surface to the cooling water. The sudden localized contraction 
of the iron on being chilled results in a fractured head. Fvidently 
the horizontal head is more likely to shed the scale than is the 
vertical head. It becomes nece.ssary for an engineer to inspect 
the cylinder head at stated intervals; if scale is present, it can be 
removed by scraiiing. If a solution of muriatic acid and water 
in the proportion of one to ten is allowed to remain in the jacket 
a few hours, all the scale can be wa,shcd out with a hose. 

Heat stresses due to faulty design of the head also contribute 
to these fractures. 

The combustion space in a Diesel engine is bounded by the 
cylinder cover, piston and the upper portion of the cylinder liner, 
or in the case of an opposed piston engine by two pistons and a 
portion of the cylinder liner. The temperature of combustion is 
is about 2,500 to 3,000 deg. F. and falls during the working 
stroke to about 1,200 deg. F., these figures varying, of course, 
according to the relative weight of the fuel and air charge. 
The heat flow through the material of the cylinder liners, piston 
and cylinder head, gives ri.so to stresses in the material which 
becomes more serious as the size of cylinder increases. The 
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cylinder cover has always proved the greatest difficulty, as the 
casting is usually the most complicated and at the same time is 
subjected io the maximum temperature and pressure conditions. 
The cylinder cover and pi.ston are together responsible for over 80 
per cent of total heat flow to the cooling medium, the remainder 
of the heat being carried away through the cylinder liner. 
Although the water- or oil-cooled piston of a large engine carries 
away at least as much heat as the cover, the casting is much 
smaller than the cover easting, and freedom for expansion is more 
easily obtained. The liner of the normal type of engine is also 
a less difficult problem than the cover, as it is a perfectly symmet¬ 
rical casting at the region of the combustion chamber, where the 
maximum temperatures are encountered. 

Cylinder heads at times crack through the bridge between 
the exhaust and fuel valve cavities. These fractures are-often 
due to improper cooling rather than to faulty design, although 
there are instances where casting fractures develop at the.se 
places as soon as the head is machined. To safeguard the 
engine head from such fractures that may develop in service, 
the flow of cooling water to the head must be positive and the 
temperature kept at a constant reading, the value of which can 
only be determined by experiment on the particular engine. 

On marine Diesels the fracturing of cylinder heads is directly 
traceable to excessive overloads. In a heavy sea the propeller 
is at times exposed and immediately thereafter completely 
buried. This leads to engine hunting, and neither governor nor 
manual control can cope with the situation. The fuel pumps 
deliver excessive charges to the cylinder, creating pressures 
beyond the capacity of the heads to withstand. 

Furthermore the marine engine, to reduce the weight per 
horsepower, is speeded far higher than the stationary Diesel. 
This applies especially to the submarine and light cruising 
engines. The heat absorbed per square inch of surface by the 
heads of a 500 hp. engine at 400 r.p.m. is double the amount 
absorbed by the heads of a 500 hp. at 200 r.p.m., since the cylinder 
bore area is practically one-half that of the latter engine and the 
total amount of heat absorbed is approximately the same. 
The cooling system, then, must bo absolutely correct in design 
if fractures are to be avoided. The tendency of the salt water to 
scale is, of course, more pronounced where the temperatures are 
as high as exist in the marine Diesel heads. 
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Comparison of Two- and Four-stroke-cycle Cylinder Heads. 

It has been often elaimed tliat since twice as many combustion 
events occur per minute in a two-strokc-cycle as in a four- 
stroke-cyclc cylinder the heat stresses in the two-stroke-cyele 
head are much higher. This is partly true, but as an offset the 
two-stroke-cyele head is a more symmetrical casting and has a 
uniform cyclic temperature. 



I’Ki. 95 —Two- iuiti foui-s(rtikc‘ cjclc cylintlcr ht'ioN. 

In the four-stroke-cyele engine the head has an exhaust 
valve cavity which absorbs much heat from the exhaust gases, 
and an admission valve cavity kept coot by the flow of air. This 
uneven temperature condition is the cause of head fracture. 
This fracture appears between the exhaust and fuel valve cavities, 
as in Fig. 95. 

In the two-stroke-cycIc engine with scavenging valves in the 
head there are no exhaust valv(‘s and the temperature is fairly 
uniform. Little danger of fracture from uneven temperatures 
exists. This is especially true in the case of the port scavenging 
engine where the head has only the one cavity for the fuel valve 
shown to the left in Fig. 95. 

There are at least 1,500 two-stroke-cyclc Diesel cylinders in 
service with the single fuel-valve opening in all parts of the world, 
and of these over 400 cylinders are above 20 in. in diameter. 
The mean indicated pressure is generally about 100 lb. per square 
inch and the ppwer per cylinder in several cases is over 750 i.hp. 
If there was some defect inherent in the two-stroke-cycle design, 
as, for instance, if heat stresses had not been taken properly 
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into account, there would surely be a considerable percentage of 
failures duo to cracked heads. The fact that this has not been 
the case is the clearest proof that the design of the symmetrical 
head is sound both in theory and practice. 

Another point of advantage associated with this design of 
two-strokc-cycle cover is that owing to the slightly concave shape 
of the under side, taken in conjunction with a similarly concave- 
shaped piston head, a well-shaped combustion space is obtained, 
contributing to efficient burning of the fuel. 

Repair of Fractured Cylinder Heads.—Oxyacetylenc welding 
has not been a marked success in the repairing of cracked cylinder 
heads. The cylinder head contains a great weight of iron, and, 
in welding, the flame is localized. The consecpicnce is that the 
metal immediately about the fracture is highly heated and 
expands. After the molten metal is added, closing the fracture, 
the head i.s allowed to cool. The mass of the head has not 
been heated, and so shows no contraction. The obvious result 
is the shrinkage of the metal at the edges of the fracture, reestab¬ 
lishing the fault. 

To weld a cylinder head successfully, a furnace can be con¬ 
structed of fire brick. The floor should also be made of fire 
brick supported by old grate bars or iron rods. After a coke 
fire has been burning about the head for 24 hrs. the entire 
casting becomes red-hot. The oxy-acetylene flame is then 
applied; the fracture is enlarged to a trough shape, thus allowing 
the added metal to reach the bottom of the fracture. The new 
metal is deposited in small quantities and thoroughly welded to 
the cast iron before more is added. The head should then bo 
left in the furnace to cool for 48 hrs. Since the entire furnace 
has been at a high temperature, the cooling will be very gradual, 
thereby avoiding all shrinkage strains. If the fracture has been 
across a valve seat, the part must be machined and the valve 
refitted. The process of welding here outlined has been followed 
with complete success, saving hundreds of dollars in a plant where 
five Diesels were installed. . 
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General.—The pistons of all engines in-operly fall into two 
general classes—Crosshcad and Trunk Pistons. The erosshead 
piston is usually shorter than the trunk piston and is provided 
with a crosshcad which rcceivi's the side thrust duo to the angu¬ 
larity of the connecting rod. Figure 90 illustrates this type. 
With the trunk piston the uppi'r end of the connecting rod is 
sup|)orted by the piston |)in, whi(di is fastened in the piston. 



Consequently the piston receives the side thrust which is taken 
up by the crosshead in the former type. The engine shown in 
Fig. 13 employs the trunk design of piston. 

The American manufacturers dl-<mall and- medium-powered 
engines, up to 200 hp. per cylinder, have with few exceptions 
designed their engines with trunk pistons. Owing to the high 
cylinder pressures of the Diesel engine, the side thrust of the 
piston is of serious consequence, although in a 200-hp. cylinder 
the piston is usually constructed of a length sufficient to bring 
the side pressure within reasonable hmits. 
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Trunk Pistons. —On units with a rating beyond 200 hp. per 
cylinder practically all builders use a crosshead design of piston; 
in fact, the first Diesel built, even though of 25 hp., employed a 
crosshead, and the present-day trunk piston is actually an 
adaptation of gas-engine practice. The trunk piston po.ssesscs 
certain features that make it attractive to the average operator. 
Since the side pressure is taken by the piston, there is no cros.s- 
head shoe to adjust. This adjustment, on a Dies(‘l, must be 
made with a degree of knowledge possessed by none save experi¬ 
enced engineers. A guide clearance that would be ciuite satis¬ 
factory on a high-grade steam engine will prove entirely too 
liberal with the oil engine. This nicety of running fit necessitates 
careful adjusting of the crosshcad shoes. The operator should 
understand that, beyond the pound that it occasions, a loose 
crosshcad will allow the piston to bind in the cylinder, producing 
heavy scoring. 

The trunk piston presents a problem in lubrication that does 
not exist with the crosshcad type. The side thrust is borne by 
the trunk piston along its entire length, but this bearing surface 
extends over only a portion of the circumference. This rubbing 
area must be positively and copiously lubricated. The problem 
of lubricating a surface periodically exposed to hot cylinder gases 
is difficult. If the cylinder and piston are not oiled, either the 
piston or cylinder liner will cut. 

Since the transverse pressure throws the piston against the 
bearing side of the cylinder, the clearance between the piston 
and cylinder must be less on the trunk than on the crosshead 
design. This is evident since, with the trunk piston, the entire 
clearance exists on the piston opposite to the wearing side. On 
the crosshcad type the clearance is fairly well distributed around 
the piston; consequently a clearance between piston and cylinder 
of 0.007 in. is actually a clearance of 0.015 when the engine is 
firing. The crosshead piston can, then, be allowed a greater 
clearance than can the trunk type. This obviates danger of 
piston seizing when the engine is stopped after a run. 

Crosshead Piston. —The crosshead design eliminates the heat 
difficulties of the piston-pin brass which are so often present 
with the trunk piston. Opportunity is also afforded for a heavier 
reinforced piston head. There is also less likelihood of the piston 
fracturing since it is not confined at the pin bosses. The cross¬ 
head and rod design admit of an oil guard at the front end of the 
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cylinder thereby preventing the throwinji; of lubricating oil into 
the cylinder \vith the eonse(|u<Mit carbonization. The dripping 
of dirty cylinder oil or unconsiimed fuel oil into the crank case, 
where it renders unusable th(‘ bearing oil that is held there, is also 
eliminated by this design. To this can be ascribed tlie lower 
lubricating oil consumption of the crosshead design of engine. 
These manifest advantages are, it is the feeling of the majority 
of engine builders, offset i>y its greater complication of parts and 



Fjg. 97. .Aitirricitn (*ri 


the greater necessity for intelligent adjustments. A.s a conse¬ 
quence the small units are built with trunk pistons, going to the 
crosshcad type when the cylinder sizes becomes so large; that a 
trunk pi.ston would require an c.xceedingly long cylinder. It is 
understood that the cylinder length depends upon the piston 
length which in turn ilepcnds upon the total cylinder pressure. 

American Diesel Piston and Pin.—Thi.s engine is, of course, no 
longer manufactured. However, many of these older engines 
are still in service, and the operator should be as interested in it. 
As in more modern designs the piston has a fiat crown or top 
that is strengthened by ribs which extend down along the sides 
to the pin bosses, as shown in Fig. 97. The bosses are bored 
taper and offer support for both ends of the pin which are of 
different diameters. The pin is fastened into the piston by a 
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washor and lock-nut; a dowel or short key at the largo end pre¬ 
vents any turning of the pin. Since the latter is ground to a 
seat in the l)os.ses, the contact is highly satisfactory. 

The chief difficulty e.xperienced with this design of piston is 
the distortion at the pin bos,scs, with a resultant oval shape. 
This distortion producc.s severe cutting on the piston sides along 
linos about 30 deg. from the pin axis. It is at once apparent that 
the pin holds the two bosses at a fixed distance; when the piston 
heats, the expansion will occur along the weakest section. 



98.- Piston distortion from elongation of tlic jiiston jiin. 


Figure 98 outlines the points a,a, of distortion. The pin bearing 
is oileil by the splash from the crankcase; consequently no oil 
passages arc needed in the pin. 

The number of rings used with this piston varies, ranging from 
four to seven. Frequently one of these pistons is found equipped 
with two rings per groove. In such event, the first step toward 
the elimination of ring trouble is the substitution of one broad 
ring in each groove. 

Busch-Sulzer Type B Piston and Pin.—The Type B piston 
represents the modern development of the Diesel piston design. 
The head is thick to better resist the cylinder pressure and is 
concave. The clearance is small, and it has been necessary to 
cut away the edge of this concave to afford a clear passage for 
the gases as they enter or depart around the valves. To avoid 
distortion of the walls it is strongly reinforced by girth ribs. 
Seven rings are used about the upper part for sealing; a single 
ring is placed at the bottom as an oil wiper. 
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Ihe chief variation from the usual Amorioan design is the 
water-cooling of the head. This feature is clearly .shown in 
Fig. 99, although the water pi|ung is not inclinh'd in the drawing; 
they arc the same typo as u.sed on the liusoh-Sulzer Typo C 
engine. The pipes are rigid and run 
parallel to the piston axis at each side 
of the connecting rod. The lower /—T' '■■'r—\ 

ends slide in the stuffing-boxes which if \ \ 

are connected to the engine's water- I V J j 

piping system. This telescopic \ y 

method of feeding the water is supe- 

rior to thepantagra])horkmickleform. j. j 

There is no inertia effect of swinging ^ ! 

parts as with the latter type. The ^ water chamb/k P; 

stuffing-box is much easier to maintain ’, : j' 

water-tight than is the knuckle. I'lven Iji p 

the telescopic arrangement will in time kj 

give trouble from weeping. In the b. j . , p' ■ - 

Busch-Sulzer the crankcase receives | 

all the return lubricating oil. For t-y*’' 

this rf'asoti leaks at the stuffing-boxes Vjl 

allow water to mix with th('oil returns, j \ 

practically destroying the lubricating iA/ y, 

qualities of the latter. On each occa- [f/ijl U 

sion that the engine is .stojiped, the “- ~7~~7~7T n. 

, , 1 11 » 1 90--■Muwfh-huizcr 1 yi )0 

crank-case doors should be opened ^ 

and the water connections examined. 

The piston pin is tapered at both ends and is held by a washer 
and nut as outlined. When the engine has been in careless hands, 
the pin may deform the bosses to such an extent that the pin has 
a poor bearing at tlie ends. It then becomes necessary to grind 
the pin to new scats. To accomplish this the dowel key at the 
big end must be removed to allow rotation of the pin. 

Lubrication of the piston pin is effeet<?d through the hollow 
connecting rod from the crank bearing. Lach time the hole in 
the rod registers with the oil hole in the crank pin oil flows up 
the rod. 

McIntosh & Seymour Piston and Pin.—This company followed 
the designs of their Swedish associates in building the piston 
appearing in Fig. 100 for its trunk piston engine. The head is 
concave and is strongly reinforced on the lower side with a series 


l-’iu. 90-- -MuRfh-SiiIzcT 1'yi)0 
li piHfon. 
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of ribs. Those ribs do not extend down 
along the piston walls, which arc supported 
by a set of girth ribs. The piston pin is 
straight and is held in bosses by set-screws. 

The pin is lubricated by means of a slot 
cut in the piston surface. Oil from a 
timed lubricating pump enters this V- 
groove and flows down a drilled passage to a 
drilled hole in the pin and thence to the pin 
surface. 

Fulton Iron Works Piston.—In I’ig. 86, 

showing the engine cross-section, may be seen 
the type of piston used. The upper part of 
the piston cavity is closed off by a removable 
plate. This prevents oil striking the head 
and carbonizing. The top part of the piston 
of the larger engines is cast separate from the 
skirt as indicated in Fig. 101. Water cooling, 
by telescopic tubes, is found on engines with 
20-in. or larger piston diameters. The one- 
piece piston of the small engim' is shown in Fig. 102. 

The i)iston pin has taper ends whi(di are ground to fit in the 
piston bosses. The pin is driven into the bosses, and a nut and 



& Heyniour piston. 



Fio. 101.—Fulton two-pieco piston for large engines. 

washer are placed on the small end as a safeguard against shif¬ 
ting of the pin. 
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Lubrication of the i)i.ston pin is l)y means of a novel arrange¬ 
ment, Fig. 102. A tube C witli a check valve A and spring B 
at its lower end c.xtends downward from the piston-pin boss. 
A fixture E containing a hollow plunger with a check valve D is 
bolted to an angle iron on the engine 
frame. The lubricating oil line leads to 
this fixture. Ujwn each down stroke of C 
the piston, the pipe to the pin, strikes 
the plunger D, and a stream of oil by 
reason of its inertia is forced into the pipe 
C and held by the check A. This device 



functions extremely w(>il. 

Dow Diesel Piston.—This Diesel piston 
is quite similar to other trunk pistoris 
shown in this chapter. 

Winton Diesel Piston.- -The piston 
u.sed in the Winton Die.scl, appearing in 
Fig. 71, is iinu.sual in one respect, 'rin^ 
piston pin is clamped in the eye of the 
connecting rod and is supporte(l at each 




Fio. 102.—Onc-Iiiocc Fulton iii.s(cin. Flu. 10:1.- Fiillon |.i-)(un-i)in oiling 

(lovice. 


end in a brass bearing fitted into the piston walls. There 
is, then, no adjustment for bearing wear. To remove the rod a 
wrench is passed through a slot in the piston, and the clamping 
bolt is unloosened. 
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Lombard Piston.—The piston of the Lombard Diesel is shown 
in Fig. 71^4. It has no unusual feature other than the ribbing, 
which extends from crown to the bottom edge of the skirt. 
Oiling of the pin is by means of a tube from the crankpin bearing. 

Allis-Chalmers Kston and Pin.—The first Diesel engines 
manufactured by the Allis-Chalmers Co. had pistons of the 
standard one-piece construction. The small clearance main¬ 
tained between the piston and cylinder liner made this design 

impractical, and it was early 
replaced by the piston outlined 
in Fig. 104. The piston body is 
formed of high-grade cast iron 
and is provided with a false or 
removable head. This head is 
of nickel-steel, which develops 
fractures at a much slower rate 
than docs cast iron, and is held 
in a machined recess by the stud 
shown. The piston head is 
conical in shape, and the impinge¬ 
ment of the fuel charge is local¬ 
ized at the center of the jiickol- 
steel head. This construction 
enables the builder to give a very 
small clearance between the 
piston and cylinder without 
danger of piston seizing due to 
head expansion. The compres¬ 
sion is sealed by six rings while 
Fio, 104.—Section of Aiiis-f haimcrs oil-wiper ring is used at the 
piston. ^ . r 1 

base. To avoid the trouble of 
lubricating oil depositing on the 
inner side of the piston head and forming a hard scale, a baffle 
plate is incorporated in the casting. This plate is in two parts 
which allow a circulation of air. While this plate is fairly 
effectual in maintaining a clean head, oil will deposit on the 
inner walls of the piston, as in all horizontal engines. 

The piston or gudgeon pin is hardened and ground. The 
ends fit into straight bearings in the bosses, the piston being 
fastened by set-screws which are locked by smaller set-screws. 
The lubricating oil for the pin is deposited in a trough at the 
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front edgp of tho piston, from wlipnoc it flows through a passage 
to the end of the pin. The pin is drilled on its upper .surface to 
permit the oil to issue onto the bearing surface. 



Kio. 105.—Alhs-(’hnlinorK pi.stoii. 


McEwen Diesel Piston and Pin.—McEwen Bros, u.se a conical 
head piston of one-piece construction, Fig. lOG. The head, after 
being cast, is annealed for the inirpose of removing all casting 
strains. Six rings arc employed to hold the compression while 



Kio 10(i.—McEwen pislon. 


the wiper ring at the bottom has been dispensed with and a series 
of grooves made to replace this ring. Tho pin is held by a set- 
screw. 

Snow Diesel Piston.— The Snow horizontal engine has a 
piston that is a departure from the usual design with four-stroke- 
cycle engines. The piston, as seen in Fig. 107, is a single barrel 
casting with a separate steel head which is concave on its surface. 
The front end is bolted to the crosshead yoke. The crosshead is 
provided with a single shoe and has a wrist pin of extra large 
dimensions. There is a decided advantage in the crosshead 
design since the pin size is not restricted as it is in the trunk 
piston, In 1923 a one-piece piston was adopted. 
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In removing the i)iston from the cylinder, it is not necessary 
to dismantle the entire, head and valve rigging. The connecting- 
rod can be unbolted from the crank pin, and the pi.ston with¬ 
drawn through the frame. It i.s very essential with the eros.shcad 


T| 



Fkj. 107.—Snow cross-liead typo piston. 

pi.ston that the .shoe be properly adju.sted. The engineer should 
niea.sure the thiekne.s.s of the shoe when first installed and 
endeavor to maintain this dimension by the insertion of shims. 



The Standard Fuel Oil Engine Piston.—The Standard hori¬ 
zontal Fuel Oil Engine is of the two-cyclc design and has a 
stepped piston, outlined in Fig. 77. The main or powet piston, 
of the horizontal engine Fig. 108, is a two-piece barrel casting. 
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The head is conieal and pxt<>nds down over the piston body form¬ 
ing a water-eooling eonipartinont. The water luies arc passages 
cored in the main piston easting and are eonneeted to telescopic 
tubes at the front end. The power piston is bolted to the 
enlarged scavenging piston. The piston or gudgeon pin is 
bolted to this piston; conseciuently, the latter acts as the cro.s.s- 
head and receives the transver.se thrust of the |)iston. 

Since the crankcase docs not act as the return lubricating oil 
receiver, leaks in the water tubes are not .so serious as with .some 
vertical engines. The water stufling-box glands must be kept 
tight or the seeping water will destroy the lubrication on the 
walls of the scavenging piston. The cooling water discharge 
must be kept below 120 deg., and the line should be vented to 
avoid .steam pocketing at the lower edge of the ))iston head, 
which receives a great amount of heat as the exhaust gases pass 
out through tlu' irorts. ) 

The vertical Standard engine, as will be observed from Fig. 
70 A, has a i)iston along similar lines, although water cooling of 
the piston is not u.scd. 

Worthington Marine Diesel Piston.—This engine, 1,750-b. hp. 
unit, uses a crosshead and fairly short piston, as shown in Fig. 
74. Due to tlu^ size, |)i.ston cooling is necessary. Telescopic 
tubes provide the inlet an<l exit for the water. 

Busch-Sulzer Type C Piston.—Thi.s two-strokc-cycin engine 
has a crosshead type piston, as indicated in Fig. 109. The piston 
proper is short, merely long enough to accotnmodate the piston 
rings, as all guiding is performed by the crossheads. It is pro¬ 
vided with a water jacket immediately under its upper face. The 
piston rod is attached to the lower flange of this jjiston, by means 
of studs. The piston is of special, hard, clo.sc-graincd cast iron 
to resist the heat and working conditions to which it is subjected, 
and is water-cooled by a patented arrangement, 'riie water is 
injected into the cooling chairdjer in the piston head and con¬ 
ducted away by a system of telesctopic tubes arranged on a 
principle which avoids all stuffing boxes or swing joints, while 
preventing oil and water leakage. These tubes are shown in 
Fig. 109 attached to the piston. Immediately below the piston 
proper is fitted a skirt, the sole function of which is to cover the 
scavenging and exhaust ports in the cylinder wall. The skirt 
is of hard, close-grained cast iron. 



168 


DIESEL ENGINES 


The piston rod is of forged open-hearth steel. The upper end 
IS provided with an integral flange, for attachment to the piston, 
the lower end is forked, to connect to the crosshoad pin. 

1 he erosshead pin is a high-carbon open-hearth steel forging, 
i he central part of the pin forms the bearing for the connecting 
rod. To each side of this bearing is bolted the forked end of the 



piston rod. The ends of the pin carry the crosshead shoes. 
Shims are provided between the erosshead pin and the end of 
the piston rod to permit the adjustment of the compression in the 
cylinder. 

The crosshead shoes are of cast iron, with babbitted bearing 
faces and are of the double, central-guide type. No -loose or 
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adjustable pieeoa are attached to them; adjustment is provided 
by shims under the .stationery guides which are bolted to the 
crankcase. 

Nordberg Type V.E. Diesel Piston.—Tlie pi.ston of this two- 
stroke-cycle engine consist.s of a main portion or tojr which is 
water-cooled, and a lower l)arrel which acta ns a seal to the 



Fio. 110.—Piston-ooolinK linos, NordhorK oiiKine. 

scavenging and exhaust ports as shown in Fig. 68 A. The piston 
rod is bolted to the top pi.ston and is likewise bolted to the cross- 
head casting. The water-cooling enters and leaves through the 
hollow piston rod. A hinged arrangement, Fig. 110, allows the 
water to reach the piston rod. 

The crosshead shoes are fitted with wiper blades which dip into 
oil troughs at bottom deadeenter, thus oiling the crosshead 
guides, which arc of the bored type. Having port scavenging, the 
piston head carries a deflector lug. 

The Type F. D. Nordberg Diesel has a piston built along 
similar lines, being illustrated in 72 A. The upper part of the 
piston is separate from the skirt and the piston rod is bolted to 
this upper section in a manner somewhat similar to that of the 
V.E engine. The piston rod is bolted to the crosshead pin which 
is fastened to the crosshead shoes as shown in Fig. 72 A. Adjust- 
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ment of the shoes is obtained by the insertion of shims between 
the square side of the pin and the shoe. Piston cooling is 
through a trombone connection and the hollow piston rod, q\iite 
similar to that of the small Nordberg Diesels. 

Worthington-Snow Diesel Piston.—The vertical Snow engine 
has a trunk piston as indicated in Idg. 111. It is unusual in 
that the .500- and 7.50-hp. units have the pistons cooled by oil. 
The lubricating oil is fed to the bearings by pressure feed. The 
oil passing through the drilled shaft and crank flows upward to the 
piston pin. It not only lubricates this pin but is forced through 
a passage into the piston crown. After picking up heat from the 
head the oil drops down into the crankcase. It is then pumped 
through a filter and cooler and is again forced through the 
bearings, etc. 

One unusu.al feature of this engine is the stufling-l) 0 .x placed 
at the toj) of the frame and immediately below the cylinder 
liner. By this arrangement any unconsumed fuel flowing down 
past the piston is caught and so prevented from entering the 
crankcase and mingling with the lubricating oil. 

The piston pin has one end tapered and ground to fit the piston 
boss, being held into place by a washer and nut. 

New London Piston.—The piston of the Now London Diesel, 
which is shown in Fig. 72, is of the trunk type and has the upper 
end shut off by a removable plate. The crown is conical and 
since the clearance or combustion cavity is in the cylinder head 
the piston has but a small clearance at upper dead center. 

The piston pin is lubricated through the hollow connecting rod. 

Cramp’s Diesel Piston.—The piston of the Cramp engine is 
very short being of the crosshead type, as may be seen from Fig. 
73. The cooling of this piston is obtained by oil, which passes 
through a telescopic pipe to and from the piston. Unlike most 
engines, the piston may bo removed by lowering it through the 
frame. The partition at the top of the frame is in two parts so 
that it is easily removed. In this way it is not necessary to lift 
off the cylinder head when the piston requires inspection or 
cleaning. The admission and exhaust valve cages are lifted out 
of the head and by inserting eye-bolts in the piston the latter 
may bo lowered. 

The crosshead is of the single-slipper type, the slipper being 
bolted to the crosshead pin. The pin has a square center portion 
through which the threaded lower end of the piston rod passes 
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and is lockod by a nut at the bottom. The connecting rod forked 
upper end engages the outer ends of the crosshead pin block. 

Stuck Pistons.—It is by no means uncommon to find that on a 
Diesel engine one or mori^ pistons stick or freeze to the cylinder 
walls. This is traceable to three or four causes. 

In the first place some cast irons have a marked tendency to 
“grow” or increa.se in diameter. As a result, the piston in time 
increases in diameter until close metallic contact is made with 
the cylinder liner. The engine lo.scs power and finally stops. 
The freezing becomes so intense that the piston may be removed 
with only the greatest effort. 

This growth apparently is due to the iron having a low elastic 
limit under the high cylinder temperatures. Th(! pressure th('n 
distorts th(! piston which takes a permanent set since it has been 
stressed beyond its elastic limit. 

To correct this the piston should be tapered from the top 
extending down to th(^ first ring. 'I'hc clearance at the edge of 
the top may w(‘ll be as much as lio in. Some builders always 
taper the piston and have the straight portion of the piston 
extend only over the mid<lle third of the piston length. 

The second and more common cause of seizing or freezing 
of the piston is lack of cooling water. This may occur both while 
the engine is in operation and after it is shut down. The former 
is evidenced by the loss of power and decrease in the engine 
speed and usually happens on a change from light to heavy load. 
The average operator understands that on full load the quantity 
of cooling water rc(]uii'ed is greater than on the lower loads. 
As the load comes on, the usual practice is to increase the flow 
of the cooling water. This chills the cylinder liner and causes it 
to contract before the hot piston experiences any effect from 
this additional cooling medium. This contraction lessens the 
working clearance; the piston becomes hotter and ultimately 
grips the liner walls. The remedy is to decrease the amount of 
cooling water as the heavy load comes on; then, after the cylinder 
liner warms up, the flow of water can be gradually increased 
while the discharge temperature is kept fairly constant. 

There arc, also, occasions when the seizing can be attributed 
to a hot piston pin, and ordinarily this is noticeable on starting 
the engine. After an engine has been in operation for some 
minutes, the heat absorbed by the piston is equaled by the heat 
given off by the piston to the cylinder walls, etc. The heat 
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contained in the piston when the engine is shut down is large. 
If the flow of cooling water is discontinued at once, this heat is 
slowly radiated and a great part is ahsorls'd by the piston 
pin. The pin elongates as a result of this heat ah.sorption. The 
end thrust of the pin produces a cliange in the shape of the ])iston 
walls; especially is this tnn' when the walls are not strongly 
ribbed. The ileforniation of the piston occurs along tiu' thinnest 
sections, which eonunonly are at the junction of the pin bosses 
with the piston walls. 'I'hese ridges or deformations produce 
severe cutting of the cylinder walls. .Many liners are ruined 
by this action. When this misfortune is experienced, the sole 
relief other than piston reirhicement is the filing of the high 
spots until the piston is again eylitidrical. 'I'he surface can then 
be dre.s.sed by emery cloth. Mliiig will also smoothen the scored 
cylinder walls. A tpiick ami eflicacious repair can be accom¬ 
plished by first dressing down the rough places with a fine 
emery wheel, .say flltJ grade, held in the hand, finishing with a 
file and emery cloth. To some this probably seems a radical 
treatment, but extensive (‘xpc'rience on many .scored pistons and 
cylinders tends to prove that this is an effective way to rectify 
the damage. If the engims-r is careful in using the emery cloth, 
the cylinder and piston can be made as smooth as when new. 

Piston seizing is at times in evidence when turning the engine 
over at the beginning of a run. If, at the close of the last run, 
the cooling water was shut off too early, the heat in the piston 
head may evaporate all the lubricant on the piston pin. As the 
dry bronze bearing absorbs the heat, it cannot expand outward 
becau.se of the greater m.a.ss of the c()nnecting-rod end. The 
bearing closes in on the pin, wdiich is also expanding; this action 
results in a gripping of the pin that is not completely loosened 
even after the parts havi^ cooh'd. t)n starting, this wedged bear¬ 
ing restrains the motion of the connecting rod, and the engineer 
calls it a seized piston, though it actually is a case of a seized 
piston pin. 

Still another cause of freezing is the carrying of too low a com¬ 
pression pressure. This in turn lowers the temperature at the 
end of the compression stroke. This temperature is not high 
enough to ignite the hcavic^r part of the fuel. The heavy portion 
settles on the piston and cylinder walls. The rings gum, and 
eventually the piston sticks. The remedy is to raise the compres¬ 
sion pressure. 
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Cooling of Pistons.—Ono of the main probleiii.s of Diesel design 
is that of getting rid of the heat that is absorbed by those parts 
about the comlnistion chaftdjer. The jackid-cooling water as 
well as the head-cooling water removes the heat absorbed by these 
parts. On the other hand, the fuel is injected downward toward 
the piston head and the temperature at the head is much higher 
than at the cylinder wall or cylinder head. The removal of this 
heat is necessary if piston fracture is to be avoided. 

On small engines, with pistons of 18 in. and le.ss, the natural 
air circulation in and outof the piston usuallyis all that is needed. 
On largo cylinders some form of forced cooling is required. It 
was formerly the practice to use pure water only, even in the 
case of marine engities. d'his has been changed and now sea 
water is used without damage. 

In the ease of engines in which sea water is used for cooling the 
pistons, a small Invader branches off from the main supply pipe 
and it in turn has branches leading into each piston. Tin; return 
water from each piston flows into a header, and this heaik'r 
discharges into the engine-room bilge. The reason this system 
discharges into the bilge is that the discharg(^ fiom each ijiston 
is arranged to flow into a funnel on the discharge header so that 
the operator may observe the flow fiom each piston and test the 
temperature by feeling, consequently, only atmospheric pressure 
can be carried on this line. 

On Marine engines whose pistons arc cooled with fresh water 
or oil, the system is a closed ono and ])ositivo circulation is 
secure{l by means of a separate pump. A cooler is placed in the 
circuit so that the water or oil that is heated inside the pistons 
may be cooled before it is again pumped through the system. 
A variation in the case of oil-cooled pistons is to discharge the hot 
oil from the pistons into the crankpits, where it mingles with the 
lubricating oil and passes into the sump tank. 

Lubricating Oil for Piston Cooling.—Formerly, oil was the 
only cooling agent used in pistons, the riiason for this being the 
difficulties e.’cpcrienced in preventing leakage of the cooling 
fluid into the crankpins and into the lubricating oil. Practically 
all lubricating oils available were compounded oils, and water 
leaking into the lubricating system formed an emulsion from 
which it was very difficult to separate the water. This emulsion 
quickly clogged the lubricating system. This led to the simple 
expedient of using a portion of the lubricating oil to cool the 
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pistons. This inothod i.s in u.sc on soino trimk-piston engines 
u.sing forced lubrication, a portion of the oil forced to the piston 
pin being led through a passage into the piston and after pas.sing 
through th(' piston, being discharged iido the crankpit. The 
objections to this system an' that the heat conductivity of 
the oil is rather poor, the heat of the piston sometimes causes tlic 
oil to carbonize anil the carbon impairs the lubricating (pialities 
of the oil and clogs the passages in the .system, and the supply 
of oil to the pistons m.ay become insuflicient, owing to loss of oil 
through the ends of bearings that have too much clearance. 

d'he o|)erator of engines using this method of cooling should 
be constantly on guard against trouble from these last two condi¬ 
tions. The author h.as experienced persistent bearing trouble 
with a certain make of engine and this trouble was finally traced 
to the clogging of oil passages by flakes of carbon formed on the 
inner .side of the piston top and flushed into the lubricating 
system. In the case of a group of engines of another make 
constant trouble was experienced from cracked |)iston heads. 
The pistons were dished on fop and the cracks invariably occurred 
in the center of this dished top, the metal cracking in much the 
same manner that muddy ground cracks when dried by the 
sun. Examination of the pistons revealed that the outlet pipes 
extended only a short distance into the piston so that the oil 
flowed out without filling the piston, allowing the portion of the 
piston head direi'tly under the spray valve to become overheated. 
The outlet pipes in all the pi.stons were changed so that they ex¬ 
tended into the pistons to a ixiint close to the under side of the 
piston top. No oil could flow out until the piston was full and 
contact between the oil and i)iston top was assured. After 
this modification no more pistons cracked. In pa.ssing it may be 
remarked that the.se cracked pistons were made serviceable by 
boring out the cracked center of each of the piston tops and clos¬ 
ing the hole by screwing in a plug and welding it in place. 

Water for Piston Cooling.—Water is used almost universally 
for the cooling of land engine pistons. Since the specific heat 
of water is twice that of oil the amount to be pumped is one-half 
the equivalent amount of oil. If the operator kecjis the water 
lines in shape there should be no leaks into the crankcase. 

While water i.s u-sed on marine Diesel pistons, even with a 
“straight” mineral-oil lubrication, difficulties are experienced 
if salt water is allowed to mix with the oil. The oil will form an 
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cniiilsioii witli fresh wafer, but water can Ixt easily settled out. 
I'or this reason soiik^ marine engines are e(|uipi>e(l with fresh¬ 
water piston-eooling .systems. Usually, one of the double-bot¬ 
tom tanks is u.sed as a fresh-water reservoir, a special pump forces 
the water through the pistons, and after leaving the pistons it is 
passed through a cooler before being used again. This cooler is 
usually constructed on the surfacc-conden.ser principle, and .salt 
sea water is circulated through it to cool the fresh water. P’or 
this reason the water in the piston-cooling reservoir should be 
tested periodically for chloi'ine. The presence of salt water, as 
indicated by an abnormal chlorine content, calls for an immediate 
examination and test of the piston-water cooler for leaks. 

Piston Rings.—Piston rings are almost without exception 
simple cast-iron snap rings. Special forms of ccc(mtric-turned, 
spring-controlled, and double rings have been tried but usually 
have been abandoned in favor of the ordinary rings. 

In figuring the proportions of rings Reinhardt’s formula of 

is often employed. Here 
r = radius of cylinder. 
s - ring thickness. 

k = allowable ring stre.ss, say 16,000 lb. per .square inch, 
p = ring pressures against the walls. 

The width of the ring may be from 1 to 2 times the thickness. 

The diameter of the ring before cutting should be about in. 
larger than the cylinder diameter. Aft^r cutting, the i'lg-in. 
section should be removed, the ring ends pinned, and the ring 
turned to the cylinder diameter. 

The customary designs of rings have lapped ends and are 
constrained from shifting in.thc groove by dowels. Some builders 
fasten the ring ends together with a pin. It is doubtful whether 
this serves any useful purpose. In turning up new rings, the 
casting should be made from gray cast iron free from scrap. 
The outside of the ring is machined to size. Then the casting 
is checked 3-^2 out of center and the inside turned, the ring 
next being cut off. This ])roduccs a ring of a varying thickness 
and give an almost uniform pressure entirely around its circum¬ 
ference. The outside diameter of the ring should be %6 in. 
greater than the cylinder bore of the engine. In cutting the lap, 
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the clearance is host made ahoiit in., while the lap may be 
as much as 1 in. The lap can ho drilloil and then cut out with 
a hack-.saw, as .shown in I'ij'. 112. The odKos of the riiiK arc loft 
square and should never he rounded as is praelieed hy many 
engineers heyond removing the liurr. 

Fractured Piston Heads. The eraeks that develop in the 
piston head can he pl.aeed in two ela.sses: namely, those which 



Mr/rtOiVef fot>r‘nq 
£>tQmef^r hsfi* 

FhJ 111' I’l-sion niiK !:il> 

take a circular form and appear around tlu' has(' of the eoneave 
portion of the luaid, and lhos<' fractures which are radial in 
direction. The former .are eaii.sed hy heat strains with a conse¬ 
quent breathing action at I hi' base of I he cone. I hese fraet iire.s 
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seldom prove serious, and it is po.s.sible to continue to operate the 
engine without piston replacement. At times these fractures 
appear in conjunction with cracks on the interior side of the pis¬ 
ton head, acro.ss the reinforcing ribs. In such cases the entire 

head may give way. .. n • 

The really serious fractures are those that develop radially in 
the head. Often these crack.s extend acro.ss the head some 6 
12 
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to 10 in., Fig 113. The danger lie.s in tli(‘ now non-rigid head 
allowing Ihe pi.-iton to di.stort, scoring the cylinder walls. When 
the fracture is only a few inches in length it can he repaired by 
‘‘s(nving.” .V hole shoidd he drilled at each end of the crack 
to |)revent any further development. .V .series of Js-in. holes 
are diilled and tai)i)('d along Ihe line of Ihe fracture. Into Ihese 
holes threaded brass |)lugs should he inserted and cut sinoolh 
with the surface. Helweeu these plugs a .second row is inserted, 
lapping over the first plugs. 'I'liis entire line of plugs is then 
hamna'rcd smooth; s<‘e f'ig. 11 1. 'I'his “sewing” has hism prac¬ 
ticed with succe.ss on pistons as large as hS in. in diameter. Figure 
llo shows a piston si.x toonths after .sewing. Welding if doin' 
corri'cliy is a succe.ss, 

Piston Clearance. .\o hard and fast rule can he given as to the 
allowable cF'arance between the [liston and liner. It may be 
stated that generally this slnmld be from D.OItfi to 0.1)1)12 in.on 
pistons of from It) to 21) in. .Much di'peuds upon the design of 
piston and upon the cast iron of which it is madi'. .Many show 
a tendi'iicy to grow at the crown and for this reason the uiiper 
end above the lop ring shoiilil be tapered, giving a side clearance 
at the top of about 0.02 in. 

While the deal aiice on a new jiislon slnmld be as slated, a 
piston can wear coiisideiable belore renewal and reboriiig or 
replacement of tin' liin'r lii'conn's ni'ci'ssary. Fngines have 
bi'en run with elearaiices as great as 's in. rinh'r such condi¬ 
tions there is a good deal of piston slap and Ihe I'ligine runs 
noisily. It may be taken as a gi'iii'ral rule that tor pistons up 
to 18 in. in diaiin'ti'r a clearance of O.IO in. and for larger pistons 
a clearance of 0.08 in. is about as much as should exist before 
renewal. (Ireater wi'ar will increase the fiii'l consumption and 
lower the capacity of the engine. 

The rate of piston and liner wear varies, although the figures 
below give the wear on one engine. 
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'I'he operator should check the wear at least every six months. 
If a drawing similar to Fig. 116 is kept on hand the wear may 
be recorded at each inspection. 

To maintain the proper compression prc.s.sure as the wear 
increa.se.s the clearance between cylinder head and pi.ston may be 



CLEARANCE MEASUREMENTS 


Dift-hanc* 
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Top. 

Inches 

Cylinder Measuremen-te 

Plsfon Meosuremen-te 
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B 

A 
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3 

16.025 

16.020 

15.975 

15.980 

10 

16.030 

16.029 

15.980 

15982 

IS 

16.029 

16.019 

16.975 

15.962 


Fig. 110.—Log of piston and liner wear. 


decreased by shims under the rod big end. It is likewise possible 
to secure correct combustion at low pressure by making the fuel 
admission earlier. There is danger in this, as excessive pressures 
may be developed, causing intense pounding. 

In a discussion before the English Diesel Engine Users Asso¬ 
ciation it was stated that piston and liner wear depends upon the 
following factors: 
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Ash.—Tar, oroosoto oils, and potrolnmi fuels, nils having an 
asphaltic basis, form ash some of which may lx*, and generally is, 
of a highly abrasive eharaeter. The permissible ash content 
should not exceed O.OS per cent, of which proi)ortion not more 
than one-half should be a gritty nature. 

Quality and Quantity of Lubricant. The general eonsmisus of 
opinion tends to the u.se of a pure mineral oil. This matter was 
very thoroughly ventilated in a Paper read to the .V.ssoeiatiou by 
I'i. Mvans, on January 2(i, lOb'), and in the subsequent di.seus- 
sion. The quantify used must b(‘ determined for each engiu(‘. 
An excessive (pianlity is deleterious, as it will burn and form 
carbon (hqiosits on the piston, piston rings and liner, and assist 
liner wear by restricting the freedom of the piston rings. 

Method of Lubrication. Most modern engines are fitted with 
pressure lubrication for [nstons and liners. Splash lubrication 
is being abandoned. Many engineers object to splash lubrica¬ 
tion as Ix'ing, in their opinion, an iueflieient method. One of 
the engines under the care of a member is arranged with splash 
lubrication, and has never given ri.se to any anxiety. It is neces¬ 
sary, of course, to examine the lubricating holes below the piston 
head oec.asionally to ensure they are all clear. One very bad 
.seizure has occurred from neglect of this precaution. 

The Fit of Pistons and Piston Rings in the Liner. -Uncooled 
pistons up to 18-in. diameter, should be lilted about O.OOS-in. 
clear of the liner at the top (on a dianu'ter); about 0.010 in. at 
the ring grooves; about 0.010 in. at the gudgeon |)in hole.s; 
about 0.008 in. at the skirt. The.se eh'arances should be sufheient 
to allow for growth. Pistons al)ove 18 in. should be given an 
additional 0.002 in. in each position. Water and oil coohal 
pistons may be given rather finerclearances. Piston-ring pre.ssure 
is e.stimated to range from ,5 to (i lb. |)er .square inch, and it is 
desirable to chamfer the rings, removing the sh.arp edges, t.'on- 
ccntric rings are now almost universal, tieneral experience 
shows that a larger number of thin rings are more effective thati 
a smaller number of wide ones. Wiper rings are .sonietime.s fitted 
below the gudgeon pin. The major part of liner wear is caused 
by the first three rings from the top of the piston. 

Side Thrust Due to the Connecting Rod.- Side thrust is 
influenced by the length of the connecting rod and the ratio 
between the length of the rod and that of the crank. The wear 
from this cause should be in direct proportion to the bearing area 
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(projected) of (he piston in the liner. Tnhle XXII, ^ives parti- 
enliirs, inelnding side thrust, of several engines. The (hrnst 
values fjoin indicat or diaKiams taken from the several (mgines have 
been calculated. These values are not strictly comparable as 
tbe engines were not all loaded to thi^ same fraction of their normal 
rated outj)nts when the diagrams wer(‘ taken. TIm^ crank angles, 
at. which the vai'ions maximum side thrusts occur, merit a little 
consich'ration. h’or maxiimim side thrust with a constant pr('S- 
snre expa?ision line, the connecting rod and cr.ank shonid be at a 
right angle to ('ach other, i.e., the crank angle shonid be about 78 
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d('g. Owing to (h(^ rapid drop of pressure in a Diesel (Migine 
during (he e.xpansion stroke, the maximum effect of the connect¬ 
ing rod occurs a good de.al earlier in the stroke. The table shows 
calculated side i)re.ssnres from 30 to 40 lb. per sipiare inch. The 
diagrams from wdiich the particulars were obtained were taken 
under ordinary work-a-day conditions, and are not juit forward as 
examples of the best practice under test condition.s. It is desir¬ 
able to ascertain if possible to what extent liner wear and side 
thrust are interconnected, but, as the figures of wear are con¬ 
flicting, no defuute (h'cision has been made. The values of .side 
thrust being all vei'y siiTiilar, the point is not of much importance 
for comparative jmrposes, so far as lhe.se notes are concerned. 
Other factors are of gi-eatcr importance. 

Quality of Material.—No attcunpt to discuss this very impor¬ 
tant matter is made. It is om- for a metallurgist to deal with, a.s 
it involves such difficult and highly-teehnical con.siderations as 
the composition and structure of cast iron, growth of. cast iron, 
etc. 
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Piston Ring Troubles. Bcvoiui iiti (icciisioiml hrokeii ring 
flio only (lifiiciilly lli;U tlic operator will experience is (he gnin- 
ming of (he rings in (he grooves. Th<' gnnuning (nny h(' pro¬ 
duced either hy an excessive ainontd of find oil which remains in 
(he cylinder in an nnconsnmed eondilion or hy an overahnn- 
dance of lithricaling oil. 'I’he solution of the latter trouhh' is 
simple; all (hat need he done is the reilnction of the (piantity 
su|)plied. If the oiling is accomplished hy a mechanical pump, 
the control can he readjusted. If (he engine has splash liihrica- 
(ion, till' oil li'vel can he lowered, theri'hy preventing iiiidui' 
(hrowiiig of the oil emulsion on to the cylinder walls. Where 
the (roiihle is traceahle to excessive fuel oil, the prohlem is not 
so simple of solution. It is apparent that, in siudi casi's, (he 
difliciilty lies in thc‘ fuel valve. ’I’lie timing may hi' incorrect, 
or dll' air iiressure too low or too high, or (he atomizer disks or 
cones may he ou( of order. It heeomes necessary to try various 
experiments until the proper remedv is ohtaiiied. 

The lings can he loo.seiied hy so.aking the entire piston in kero¬ 
sene or lye water, after which (he rings can he pried olT. In 
removing (he gum ami caihoii a copper or brass scraper should 
he used. It is not advisahli' to clean with enieiv paper as long 
as the piston is [leifectly smooth. I'iaidi time the engine is laid 
up for a few hours a small qiiaiitit v of kerosene should he injected 
into the cylinder through the air admission valve. This kero- 
si'iie will remove any caihon on (he piston and rings that is in 
(he proce.ss of formation. The exhaust valve, in such event, is 
best blocked open to allow (he vapor to escape. 

Grinding Taper Piston Pins. A niimher of engines liavi* 
piston pins with taper ends, d'he tapered ends fit into ground 
.seats in the piston bosses. The ground .seats gradttally pound 
out of round, forcing the engini'er to regrind the [lin to new 
hearings. To accomplish this with the ininimuni of trouble (he 
piston can ho placed on two S by S in. tinihers, as shown in Fig. 
117. A discarded valve spring, if set under the piston immedi¬ 
ately below the pin, will keep the pin raised from the seats in 
the bosses unless the pin is jires.sed downward. J'iniory paste 
is coated over the two pin ends, and while the pin is forced into 
the bosses it is rotated by a pin wrench, as outlined in the sketch. 
Removal of the downward pressure allows thi' spring to raise 
the pin. This action serves to distribute (he grinding paste 
over the entire seat, preventing the .seat from being ground 
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hollow. Thn pin grinding is fully as important as valvo grinding 
although it is done very carelessly in many plants. 

In re.assemhling the piston, pin and rod it is not enough simply 
to push the i>in into the bosses and tighten up on the lock-nut. 
The pin must be driven in with a sledge and copper mallet with 
.as gre.at a blow .as an able-bodied man can deliver. Thn timorous 



I'la. 117.--Grinding pi.ston pin in tiipcr iios'^es. 

feeling many engineers have about this driving process is entirely 
without foundation; there is no danger of fracturing the piston. 

Emergency Piston Pin. —When a pin has scored badly or 
developed a fracture, it occasionally becomes necessary to make 
an emergency j)in. Without question the manufacturer is the 
proper party to furnish this new part. But where the engine is 
urgently required, the engineer cannot wait on the slow delivery 
that is so prevalent. A makeshift pin can be tui'ned from cold 
rolled shafting. It should be machined to size and then case- 
hardened with bone-black or cyanide of potassium. After 
remaining in the fire for twelve hours, the pin should be cooled 
off. As a rule, the pin expands but .slightly in the hardening 
process. The exact dimensions can be secured by lapping with 
emery paste, although it is a laborious procedure. 
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American Diesel Engine Co.’s Connecting Rod. 'I’lic first 
Diesel iiiaiiufacllin'd in Aiiien'ea was filled willi a eiiniieeling rnd 
similar lo I’ig. 118. Tliis gave place In Ihe ty|)e ilhisirated in 
Fig. 119. The wedge design was (|uile prevaleni in gas engine 
work, and the Diesel hnilders evidenlly ohiained it from that 
source. 



In adjusting the piston-pin bearing, it is nece.ssary to remove 
the rod from the ])iston. 'I'o reduce Ihe elearaneo resulting 



from the wearing of the l)ra.ss, the cap is unbolted and the 
required amount of shims removed. The wedge must then be 
brought up snug against the brass. Some operators, under a 
mistaken idea, u.se no shims or separators, depending solely 
upon the wedge. It rnu.st be conceded that many engines have 
operated fairly successfully under this condition. However, 
the shims serve to keep the two bearing halves rigid, and, in the 
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ovciil wear occurs, the play of the two halves will not hainiticr 
the wedjfc. The objection to this fortri of wciIkc is based on the 
fnapicncy of fracture of the vvodne bolt. The wedj^e has a steep 
angle, and the end thrust against the bolt is of considerable 
proportion, d'he break usually occurs in the, thread, allowing 
the wedge to shift. A remedy for this can be obtained by reduc¬ 
ing the wedge angle. 'I’his, of course, lessens the total adjust¬ 
ment obtainable, but shims can be irderposed between the wedge 
and bra.ss, giving a further lift. Such breakages are always on 
engines where the i)iston-pin bearing clearance is allowed to be 
excessive. The hammer blow given the 
bearing when the crank passes top center 
and the rod starts downward will eventually 
mash the bearing or break the wedge bolt. 

The crank or big end follows conventional 
Diesel lines in being of the marine design. 
The housing is east steel and has the babbit 
nm directly on its innei' surface. 

Snow Vertical Diesel Rod. The vertical 
Diesel built at the Snow Works has a rod 
with a ni,‘iriue big end and a bored piston- 
|)in end, as shown in Figs. 7.Duid 111. The 
big end is unusual in that four bolts are u.sed 
in place of two as is customary. 

'rh(' up|)<‘r end carries a two-piece white- 
metal lined bra.ss. Adjustment for wear is 
obtained by removing shims and drawing 
down with two adjusting screws at the top. 
As with all other rods the pin must be i'(>- 
moved from the piston when the pin clearance is to be altered, 
fitted to the bearing and then replaced in the piston. 

McIntosh & Seymour Diesel Rod. —The trunk piston engine 
employs a rod similar to Fig. 122. Th(' crosshead engines us<! a rod, 
Fig. 1I9A, with a forked upi)er end and a marine lower orcrank- 
l)in end. The cro.sslu'ad carries a slipp('r-type shoe which bears 
on guides bolted to the fi'ame standards. 

Allis-Chalmers Diesel Connecting Rod.— An improved form 
of the wedge-type rod is found on the Allis-Chalmers Diesel. 
This rod has a marine crank end and a wedge-adjustable piston- 
pin bearing. Fig. 120. The improvement consists, mainly, in the 
employment of adjusting or separating set-screws in conjunction 
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American Diesel Engine Co.’s Connecting Rod. 'I’lic first 
Diesel iiiaiiufacllin'd in Aiiien'ea was filled willi a eiiniieeling rnd 
similar lo I’ig. 118. Tliis gave place In Ihe ty|)e ilhisirated in 
Fig. 119. The wedge design was (|uile prevaleni in gas engine 
work, and the Diesel hnilders evidenlly ohiained it from that 
source. 



In adjusting the piston-pin bearing, it is nece.ssary to remove 
the rod from the ])iston. 'I'o reduce Ihe elearaneo resulting 



from the wearing of the l)ra.ss, the cap is unbolted and the 
required amount of shims removed. The wedge must then be 
brought up snug against the brass. Some operators, under a 
mistaken idea, u.se no shims or separators, depending solely 
upon the wedge. It rnu.st be conceded that many engines have 
operated fairly successfully under this condition. However, 
the shims serve to keep the two bearing halves rigid, and, in the 
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Adjii.stiiK^ni ut tli(? piston-pin cnil rcductjs tiic connocting-rod 
length, and thereby increases the compression clearance in the 
cylinder. 

In compensating for the wear at the big end, the wedge is 
taken up. Since the entire pressure acts on the wedge, the bolts 



Fk;. 122. - Mt'Ibwcn Diovel fonneotiiig-rod. 

must bo kept snug; also there must be no binding of the bolt 
if fracture at the thread is to be avoided. 

National Transit Diesel Connecting Rod.—The Nfilional 
Transit Pump & Machinery (Jo. has adopted the form of rod 
appearing in Fig. 123. The big end is of the standard marine 



Fid. 123 — National 'i’rnnsit Diesel conneeting-rod. 


type while the piston-pin end is solid and fitted with bronze bear¬ 
ing shells. The wear on these shells is compensated by the 
adjusting screw in the rod end. 

With this particular rod, since the big end does not admit of 
the use of separators to bring the rod length back to normal, this 
correction must bo made by the insertion of strips or shims 
between the piston-pin lower bearing shell and the rod. 

Busch-Sulzer Bros. Diesel Connecting Rod.—The rod design 
of the four-cycle engine has the big end of the marine type, 
separate from the rod itself. The piston-pin end is solid, having 
phosphor-bronze bearing shells and an adjusting screw, as 
outlined in Fig. 124. 

Since the big end is separate, the rod length is corrected by the 
insertion of separators between the rod and the big end. The 
crank pin is lubricated by a drilled passage in the shaft, as indi¬ 
cated in Fig. 80. The rod is drilled its entire length and the 
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piston pin receives its lubrication through this passage. The 
passage in the rod registers with the oil line in the crankshaft 
once per revolution, thus obtaining llu- proper amount of 
lubricant. 

De La Vergne Diesel Connecting Rod. -On the F.T). Die.sel 
engine luanufactnreil by the De La Vergne .\raehine Co. the 



rod follows the lines of Fig. 125. This is quite like the two rods 
last nientionoil. The uniciue feature is the drilled passage in 
the center of the rod for the purpo.se of oiling the piston pin. 



The oil is picked up from the big-caid bearing, and the iwrts here 
must be ke])t op('n. It is possible for a hot big-end Ix'aring to 
close the ports with flowing babbitt. This, of cour.se, results in 
a ruined piston-pin bearing. 

New London Ship & Engine Co. Connecting Rod.—The 

Nclscco Vertical Marine Die.sel employs a connecting rod with a 
marine big end and a solid piston-pin end. The latter end has a 
bronze bushing but in the small sizes is provided with no means 
of adjustment. If the bushing wears, it must be replaced with 
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a now one; in an emergency the bushing can be reduced at the 
split and a thin shim interposed between the bushing and the 
walls of the rod end. The piston pin is lubricated through a 
drilled pas.sagc in the rod. 

Fulton Diesel Connecting Rod. —The connecting rod of the 
Fulton Die.sel is illustrated in Fig. 120. The bearing for the 
crankpin is somewhat unu.sual. 'I'hc bolts are not a drive-fit, 



as in many engines but, instead, the holes are drilled to allow 
radial clearance. The two halves of the housing form a male 
and female joint. The result is that there is no bending stress 
in the bolts. This, the builder claims, largely removes the 
trouble of broken big-end bolts. 

The piston bearing is adjusted by the top screw F. This, after 
adjustment, is held fast by the locking plate. 

Standard Connecting Rod. —A rod out of the ordinary is that 
on the Standard Diesel. The piston-pin end is in the form of an 
eye. The bearing halves fit into the eye; adjustment for clear¬ 
ance is obtained by removing shims or filing the bearing edges 
and tightening up with the top adjusting screw. 

Winton Diesel Rod. —The Winton Diesel shows in the rod. 
Fig. 71, the characteristics of the factory as the piston end of the 
rod is quite like that used on some automobiles; the Winton 
factory being an outgrowth of the Winton automobile factory. 
The pin is not fastened in the piston with a bearing in the rod as 
usual. The pin is provided with two end bearings pressed into 
the piston while the rod is clamped to the pin. There is then 
but slight opportunity for adjusting the wear of the bushings. 
The big end follows the standard practice, although four bolts 
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arc used in place of the usual two. Lul)riea(ion of the pi.ston pin 
bearing is through a small pii>e leading from the crank bearings 
up to the hollow piston pin. 

Dow Connecting Rod.—The Dow Dic.sel employ.s a standard 
marine-typo rod. 

Lombard Connecting Rod.—Tlu' Lombard connecling rod, sec 
Fig. HA, is provided with a marine-type crank end and an eye 
piston-pin end. 'J'he piston-pin bearing is a two-jnece shell and 
is not provided with means of adjustinenl. 

Lubrication of the piston pin is accomplished by a pipe at I ached 
along the rod and which receives oil from the crank-i)in passage 
and delivers it through a drilled passage in the piston i)in. 

Nordberg Connecting Rod.-- The Nordbergengines are all t wo- 
cycle with crossheads. This requires a modification of the usual 



127. - Kordiicr^? ooiiiK'ctinj.r.rotl. 

rod by s|)litting the upper end into two parts. Fach part carries 
a bearing into which the ends of the crosshead or ero.sshead pin 
fils. The iriston rod is sen'wed into the erosshead block as 
shown in Fig. 127. The crosshead block carries two shoes of the 
bored type. 

Busch-Sulzer Type C Connecting Rod.- The connecting rod 
of this engine is of the marine type ((uitc .similar to the rod of the 
Type B engine. It is shown in Fig. 82. 

Big-end Bearings.—No matter what the (h'sigii may lx?, the 
operator some day is confronted wdth the problem of a big end 
that insists on running hot. The first move is to detcrinino 
whether the lubrication has been faulty. In the majority of 
cases this proves the origin of the trouble, (lenerally the oil 
pipe or passage has become clogged with dirt or a bit of waste. 
The remedy is obvious. There is, for some unknown reason, a 
tendency for the big-end bearing to wear more rapidly at one end 
than at the other; or, at times, both ends wear while the center 
remains in its original condition. This “belling” of the bearing 
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ponniis the pin pressure to be distributed over a rather small 
ar(‘a of the brass. This produce.s a local heating that forces the 
babbitt to drag, fdling the oil passages and grooves. An addi¬ 
tional result of this unequal bearing wear is the .scoring of the 
cylinder on one side. When this bearing wear has occurred, it 
is imperative that the babbitt be rebored to (he pin diamefer 
and (,he oil grooves cut. hlven if the wear seems excessive, it 
is, as a rule, possibh: to avoid rebabbitting. Part of the shims 
between the bearing halves can be removed, and the halv(!s 
clamped together and rebored to size. 

It sometimes happens that part of the babbitt cracks and drags 
around the pin. This results in heating and a badly scored bear¬ 
ing. If the trouble is local, the rough spots can be smoothed 
with a scraper, and the bearing can then bo placed in service 
again. In all instances where big-end bearings become so hot 
that (lie babbitt is thrown, the engine should not be stopped 
immediately; rather, the load should be taken off and the engine 
turned over very slowly, with the particular cylinder cut out. 
In rebabbitting rod bearings the same method as described for 
main bearings can bo followed. The babbitt should always be 
cut on a bevel at the junction of the two halves. The oil groovi's 
should not extend to the bearing edges, and, when a pressure- 
oiling system is used, the oil grooves should be eliminated since 
they allow the oil to escape too rapidly. 

Side-play is of frequent occurrence in Diesel operation. The 
best method is to thin the bearing sides and run a collar of babbitt 
around the boro. In addition the alignment of the rod bearing 
should be corrected. • This collar must be turned square with 
the pin. It is not necessary to cover the entire side; consequently, 
the collar can be machined parallel with the side of the big end. 
Another method is the employment of sheet-steel washers 
between the web and the big-end sides. Inspection of the con- 
neeting-rod bearings should be performed at least every three 
months. 

Along with the wear of the big-end bearing occurs the wear of 
the pin. In old engines, which have seen several years of service, 
the pins may become flattened on one side. This can be cor¬ 
rected by filing and lapping, but it is a task requiring great care 
and patience. It is, ordinarily, not difficult to detect a worn rod 
bearing. The engine will emit a thump or pound both on the 
in and out strokes. 
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Rebabbitting Bearings.— The engineer will some day face the 
proposition of renewal of the pin bearings. In many engines 
the piston-pin or cros.shead-pin bearings are phosphor-bronze or 
Parsons white-metal shells without babbitt linings. These 
bearings may become scored or pounded out of shape. It is only 
necessary to plixce the box on a lathe and rebore to the correct 
diameter. If there are not enough shims by removal of which the 



two bearing halves may be brought together close enough to 
allow reboring, the edges may be faced off on a planer or lathe, 
followed by reborings. 

It is in the rebabbitting of the crankpin bearing that the engi¬ 
neer will find some difficulty. The process is the same as for 
mainshaft bearings. In the Imring after babbitting it is essential 
that the big-end bearing be bored exactly square with the side 
faces. These faces are always made square with the big-end 
flat surface when machined at the factory. 

To machine the bearing, the housing should be placed on a 
lathe carriage and the boring tool held on the face plate, or 

13 
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better still, bored on a drill press if a good one is at hand. A 
plate with a center hole fo hold the end of the boring bar should 
be bolted to the drill press table. The hou.sing should be leveled 
up on the table, and with the cutting tool in the boring bar the 
spindle should be turned by hand at first. In this way it is 



possible to see that the bar is central with the housing and that 
the housing is square with the bar. The method is outlined in 
Fig. 128. Such a method will give a bearing bore that is exactly 
square with the faces and with the flat surface upon which rests 
the big end of the rod. 

Checking Rod Alignment.—After rebabbitting and boring the 
assembled rod should be checked for alignment. If the bores of 
the piston-pin and the crankpin bearings are not parallel, the con¬ 
necting rod will not move in a vertical plane but will tend to bell 
the crank bearings as well as to pound badly. Many instances 
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of lengthwise motion of the shaft are due to error in one or more 
rods. • 

To test the rod it is necessary to obtain two mandrils of the 
same diameters as the two pins. These may be turned up out of 
ca.st iron and can be made by any mechanic who can handle a 
lathe. If pipe of the correct diameler Ls handy, a piece imichined 



true makes a light serviceable mandril. Then! is no re.a.son why 
the m.andrils may not be ustsl as the mandrils for Ijabbitting as 
well. 

A gage i.s made up consisting of a brass disc (steel will do as 
well) to which is attached a threaded rod of J^-in. drill steel. 
The top of the rod is threaded to receive a brass bushing carrying 
a sharp point, as shown in Fig. 129. The piston-pin mandril is 
put in the bearing and the bearing halves clamped tight. The 
rod is now placed on a flat surface, such as the table of a shaper 
or similar machine. In fact, every engine plant should have a 
surface plate. The gage is adjusted until the tip will just touch 
the mandril as shown. By passing the gage under the opposite 
end of the pin it is at once apparent if the mandril is square 
with the big-end surface of the rod. 

To check the crankpin bearing the top half of the bearing is 
laid flat on a surface (Fig. 130). If it is necessary in order to 
clear the center boss, the bearing may be supported on thin blocks 
and leveled with a spirit level. By using a surface gage across 
the tops of the mandril ends the correctness of the bearing is 
quickly determined. 






131.—(’hockiiiK i)ariill(‘Iisin of tlio pins. 

the other end held up by p.acking pieces. The surface gage will 
at oiu'<^ determine the fact that the pieces are true or out of 
parallel. This procedure may seem tiresome to some but 
Diesel engineers must understand that care 
is necessary and with such precautions a 
quiet sweet-running engine will result. 

After a bi'uring is rebored, it should be 
scraped in the same manner as a main 
bearing. 

Pin Clearance.—To estimate the amount 
of clearance necessary between bearing and 
pin, an excellent scheme is to “jump” the 
rod with a bar. If a slight movement can 
be felt, the big end has ample clearance. 
“Jumping” the piston allows one to judge 
the piston-pin clearance. Another and 
Ix'tter method is to tighten up the piston 
])in bearing until the connecting-rod can 
bo barely swung back and forth when the 
I)iston is suspended by a chain hoist. If 
the movement is free, there is too much 
clearance. If a man cannot swing the rod 
Fio. 132.—.Swingini! roil without tilting or moving the piston, thf 
to I ork (loaranco. jg tight. This method is 

shown in Fig. 132. A clearance of 0.0003 to 0.0005 in. per inch. 
of pin diameter is about right. 
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Removing Rod.—If the rod is to be removed, in most designs 
the piston and rod must Ije pulled througti the cylinder after 
removing the cylinder head. However, if the crankpin bearing 
only is to Ix' re?noved for insix'ction or measurement of elearanc(% 
the piston need not be taken out. In trunk piston engines the 
piston can be wedg('d in plae(! by a timber b resting on a cross 
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timber and supporting tix^ bottom edge of the i)iston, as illus¬ 
trated in Fig. 133. The big-end bolts are now removed and the 
bearing halves lifted out. To iiu'asure the clearance leads are 
placed on the bottom half of the bearing and the two halves are 
drawn together by bolts, using a collar or larger nut in place of 
the bottom end of the rod. 

On large crosshead-type engines the bearings arc too heavy 
to handle without block and falls. The crosshcad may Ix: held 
up by tapping a hole, in one guide and inserting a pin as shown 
^t c in Fig. 133. By using two small blocks and falls, with eye 
bolts screwed into tapped holes in the bolt ends and small 
enough to pass through the nuts, the lower bearing half may be 
lowered with ease, as illustrated in Fig. 134. 
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In iriiuiy (‘iigines, the valvn cagos may Ixi n'm(}veil and eye 
bolts screwed into the piston head and the latter held by small 
blocks and falls. 

Before removing the nuts a series of graduations should Ix! 
marked off and numbered and an arrow placed on bolt end. 



Fio. 134.—LoweriiiK hciiring with smitll l)lo<*ks uikI falls. 


Bearings of Crosshead Type Engines.—The construction of the 
crosshcad in most large Die.sel engines follows conventional 
marine steam-engine practice, the two crosshead pins projecting 
from the forged crosshead block and the upper end of the con¬ 
necting rod being forked to support two sets of bearing boxes. 
In most existing engines the space around the crosshcad is 
restricted to such an extent that it is not possible to use chain 
falls or other lifting gear when adjusting; but this does not act to 
handicap the work, for in most ca.scs the crosshcad-pin bo.xes arc 
small enough to bo readily handled by hand. 

The crosshcad being worked on is jacked down to its lowest 
position and leads inserted to measure the pin clearance. The 
leads, instead of being laid in the lower box, as in the case with 
the crankpin bearing, are laid across the top of the crosshead pin, 
the reason for this being that the weight of all the moving parts 
above the connecting rod is supported by the lower boxes, 
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and when tiin onginn is stoptx'd (lie clearance i.s all on top of the 
pin. Aft(‘r the leads are taken and tiefon' any adjiastincnts are 
made, the liahbitt lining in tin' lower ho.x should he examined for 
.signs of uneven wear, wiping, cutting, etc. 'I'his can he done by 
hanging the cro.sshead .slipper on tin- stop har through (he guide.s 
and jacking (he crankshaft around until the connecting roil move.s 
away from the crosshead jiins far enough to expose (he hearing 
surface of the lower boxes. 

If the engine has been in service Ihng enough to warrant 
expectation of appreciable wear of cro.sshead pins, the pins 
should be examined for shoulders, h'niike the crankpins and 
main bearings, the cro.sshead pins do not have a rotative motion 
within (he bearings. As the lower end of the connecting rod 
rotates in a circle the radius of which is the crank radius, the 
U|)per end oscillates .so that the boxes turn on the crosshead jiin.s 
in one direction during half a revolution of the crank and in the 
opposite direction during the remainder of the revolution. This 
rubbing of the boxes back and forth on the pins will sometimes 
cause a shoulder to wear on each sidi' of the pins, and it is nece.s- 
sary to file (his shoulder down before the bearing can be properly 
adjusted. A very good way to inevcnt the occurrence of the.se 
shoulders is to cut away the pin .so that there is a flat spot on each 
side. This allows (he bearing surface of the boxes to override the 
edge of the cut each lime, and no shoulders can form. This doixs 
not reduce the elTective bearing surface of the pins, becau.se this 
I'ffective surface is only on the top and bottom portions of the pin. 

Big-end Bolts. —A source of trouble in some types of Die.sels 
has been the big end. This i.s in main due to poor bolt material 
and to exce.ssive sledging-up of the bolt. 

Various materials have been used, such as, wrought iron, mild 
and high carbon steel, the latter being quite generally u.sed at 
present. The specifications below arc those of a prominent 
Diesel builder, and if the operator decides to have bolts made 
rather than to purchase from the manufacturer, these requirc- 
mont.s should be followed. 

Hcecificxtion 

Carbon: 0.30 to 0.40 per cent. Silicon: 0.30 max. per cent 

Manganese: 0..50 to 0.80 per cent. Nickel: 2.75 to 3.2.5 per cent. 

Sulphur and phosphoru.s per cent, as low as possible. 

The material to be oil hardened and tempered to give the fol¬ 
lowing values: 
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Tensile strength: Not less than 50 tons per square inch. 

Yield point: 05 per cent. 

Elongation: 20 per cent. 

Ileductinn of area: 45 per cent. 

Impact value: 40 ft.-lh. 

The ordinary life of a bolt varies from 2,000 hr. to 30,000 hr. 
of service. Probably 20,000 reprosoiits the period of .service 
advisable before replacement. Each time a bearing is removed 
the bolts should be inspected. This consists of polishing the 
bolt and then coating it with oil. The oil is then rubbed off and 
a coat of white lead is rubbed on. If there are atiy minute incip¬ 
ient cracks they will show up by the oil oozing out, making a 
mark on the white lead. In addition it is a good plan to go over 
the bolt with a strong magnifying glass. 

The operator is cautioned against running with excessive 
clearance at the pin. With a large clearance there is a hammer 
blow residting from the inertia of the parts as dead center is 
reached. This shock must be borne by the bolts over and above 
the initial stress of sledging up. 



Fio. 135.—Checking elongation of rod boK^. 


In sledging up the nuts it is by no means unusual to find that 
an excessive initial stress has been placed on the bolts. With an 
added stress from inertia forces the bolt may break. The 
engineer should see that the bolt is tightened up snug by a hand 
wrench. A sledge may then be used to give the nut a final 
tightening, but under no-circumstances should the sledging be 
continued for more than a few blows. 

To detect elongation of the bolts one builder files a flat on one 
of the threads, placing a center-punch hole here as well as one 
just under the head. A line is scratched along the shank in line 
with these prick marks, as shown in Fig. 135. By keeping the 
original distance between the marks in a data book, it is possible 
to discover any elongation upon inspection. Likewise the marks 
on the shank will show if the bolts are twisted. 
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Still another iiietliod is illustrated in Fig. 13(i, whei-e a gage fits 
into a dowel hole in the head and ha.s an adjiistahle screw whicdi 
rests on the holt end as shown. By filing each holt to a uniform 



I'lCr. i;{() Second iiH'lhod of eijeekiUK bolln. 

length it is possible to have a sitigh; gag(! for all cranks. It 
is easy to check the holts while on the rod. This is a most 
attractive gage and i.s easily made. 

Annealing of Bolts.—.Mthough .some experts recommend 
annealing of the rod holts after a year’s service this i.s not good 
practice. Annealing will help an over-stressed holt hut little. 
New holts each year or eighteen months is a hetter plan. 
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MAIN BEARINGS, CRANKSHAFTS 

Types, Adju.stmp;nt.s, and Repairs 

Main Bearings.—Diesel engine bearings may be divided 
broadly into two classes; namely, adjustable and non-adjiistable. 
The former, of course, embodies the addition of a weilge and, as 
applied to the vertical type engine, is outlined in Figs. 13 and 
27. 

Adjustable Bearings for Vertical Engines. —This bearing 
deisgn is found only on the older engines, such as the American 
Diesi'l. It follows gas-engine practice of fifteen years ago. 
At that time the rapid wear of the main bearings .seemed to 
demand some form of adjustment. It is now apparent that the 
trouble lay in excessive bearing pre.ssures and non-homogencous 
babbitt and very flexible shafts. With more liberal bearing 
area this difficulty of rapid wear has largely disappeared. 

If the engine is in The hands of an experienced and skilled 
operator, tiio adjustable bearing is not dangerous. On the 
other hand a le.ss intelligent mpchanic will quite likely damage 
the engine when adjusting the bearing. It is well-nigh impossible 
to have three or four bearings with babbitt liners of uniform 
characteristics. The babbitt first run out of the ladle is of a 
density considerably higher than the bearing that is poured last. 
The natural result of this non-uniform density is the variation 
in the bearing wear. To the engineer who is versed in the finer 
adjustments of a Die.sel engine the realignment of the beai-ings is 
not a diflieult bask. 

Adjustable Bearings on Horizontal Engines. —The direction 
of the bearing pressure, due to the explosion in the cylinder, 
makes the adjustable bearing well-nigh imperative on horizontal 
engines. The cylinder pressure against the piston head may be 
said to act in three directions. Part acts in a downward direction 
against the cylinder walls, the remainder has its direction along 
the connecting rod. This latter force is separated into two com¬ 
ponents, one acting tangentially to the crankpin, producing 
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is easy to check the holts while on the rod. This is a most 
attractive gage and i.s easily made. 

Annealing of Bolts.—.Mthough .some experts recommend 
annealing of the rod holts after a year’s service this i.s not good 
practice. Annealing will help an over-stressed holt hut little. 
New holts each year or eighteen months is a hetter plan. 
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cant, sinco (lio line of pressure, Fig. 137 never falls along the 
bottom when the cylinder pro.ssurc is high; consequently the 
lower shell receives hut little pressure other than that due 
to the weight of the flywheel and shaft. The front quarter 
exp(‘rienees the greatest wear and must be given constant atten¬ 
tion. Ordinarily it will bo found that the two main bearings do 
not wear at a uniform rate. While the wear on each bearing 
should be taken up as it develops, it should not be forgotten 
(hat the lower .shell and the rear (piartcr also recpiire attention. 
Periodically the shaft should be realigned and, if it is proven out 
of line, the low(‘r and rear shells shimmed or wedged up the proper 
amount. Since the clearance space between the cylinder head 
and th(‘ piston is small in the Diesel engine, there is a danger of 
exce.ssi ve compression pressures if the wear on both front and back 
quarters is taken up by the front quarter only, for this tends 
to throw the shaft towani the cylinder. Usually the' horizontal 
engine employs an extension shaft and outboard bearing. This 
outer bearing along with the main bearing adjacent to the 
llywheel carries the weight of the wheel. The flywheel weight 
on this main bearing causes more rapid wear on the bottom 
<|uarter than on the other main bearing. Ilealizing this the 
op('ra(.or should see that the bearing docs not become low. 

'I’he engineer will find that tln^ bottom bearing wears most at 
the edge adjacent to the front ([uarter. The front quarter also 
wears at this edge. 

It should be a rigid rule in every plant where oil engines arc 
installed that no adjustment of the bearings shall be made while 
the engine is running. The revolving shaft allows the bearings 
to b(5 drawn up tighter than when idle; the careless operator will 
likely tighten up the wedges enough to occasion a hot bearing. 

Adjustments. —In I'cadjusting the bearings the first step is to 
remove the bearing tops, then thoroughly wipe off the shaft and 
bearings after the shaft has been raised by a jack .set at each end 
of the frame. After the shaft is lowered on to the bottom bear¬ 
ings, it should be aligned by using a spirit level. The two end 
bearings are adjusted until the shaft is level. The inside bearings 
are then brought up snug against the shaft by means of the 
wedges. The connecting rod big-ends are next made fast and 
the clearance of each cylinder measured. Often, when the 
engine has been badly out of alignment, the readjustment of the 
bearings alters the clearance of one of the end cylinders. This, 
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of course, must be tiikcn care of by varying tlie Ibickncss of the 
shims between the connecling rod and its big-end. 

Tlie o|M‘rator must be cautioned in one particular. If tlie 
engine shaft carries an overhung (lywhi'cl or if the outboard 
Itearing bej’ond the tlywdieel l)e low, the shaft will bow in tin; 
center. When the ciuder bearings are brought up against tln^ 
shaft they are actually out of liiu! and hold the shaft, in its bow('d 
position even though th(' outboard bearing be realigned. 'I'he 



result may be a broken shaft. .V shaft bent in this fashion is 
subject to lle.xure or bending twice ixt revolution. Any shaft 
has a definite number of fic'.xures, depending upon tin- size, which 
it will undergo before breaking. A small addition to this critii'.al 
number will invariably cau.se the shaft to fail. It follows that 
an overhung wheel must be light weight or the shaft must be 
larger than necessary for strength if danger of fracture is to be 
avoided. 

National Transit Diesel Main Bearing.—Figure 138 is the 
three-piece bearing u.sed on the National Transit Diesel. As 
will be noted, the upper part of the bearing is babbitted directly 
on to the bearing cap. The bottom and rear quarter consists 
of a single babbitted shell while the front quarter i.s provided with 
a wedge. To avoid the danger of wedge-bolt breakage', the 
bolt-head fits into a circular opening in the wedge. The bolt 
can, then, accommodate itself to any displacement of the wedge. 
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The lubrication is effected by two chain oilers w’hieh dip into the 
oil cellar cast in the housing. 

The Snow Oil Engine Main Bearing.—Thi.s horizontal engine 
employs a bearing a.s illustrated in Fig. 139. The lower shell, 



as well as the two quarter-boxes, is equipped with a wedge. The 
top {piarter is a s(;parate shell and is not cast directly on to the 



cap, as is usual. The oiling of the bearing is accomplished by 
means of a mechanical lubricator furnishing stream lubrication. 

Allis-Chalmers Diesel Main Bearing.—A four-piece bearing 
has been adopted by the Allis-Chalmcrs Co. and appears in 
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Fig. IfO. 'I’lit! lower sliell rests on a spherieal-bottoincd pad 
witli the idea of allowing the bearing to shift to conform with 
the position of the shaft. Since the shaft has but one triio posi¬ 
tion, which must be luaiutaincd if the operation be smooth, the 
spherical seat is not absolutely neccs,sary. In .shimming up the 
lower shell, (ho liners are properly placed between the shell and 
pad. The two side ((uarters are e(|uipped with wedges, while the 
top is babbitted directly onto the cap. 

The operator, especially if he has had previous e.^perimiei' on 
sl('am engines, should n'meniber that the adjustment must be 
made almost entirely by the front wedge and not by both ((uartm- 
bo.xes as in steam practice. The wedg(' bolts are of a design that 
eliminates any danger of breakage. The oiling is .secured by 
stream lubrication from a mechanical oil piiini). 



McEwen Diesel Main Bearing. -Figure Ml shows the two- 
l)ieco bearing of the McFwen Horizontal lingine. Since those 
engines are small-powered per cylinder, the two-piece comstruc- 
tion offers no objection. It should be understood by the operator 
that the shaft pn.'ssure will wear tin; bearing oblong and that no 
adjustment is practical beyond the removal of the shims. After 
the wear becomes pronounced, the; only remedy is replacement of 
the worn part. The oiling is effected by two rings which dip 
into the oil cellar below the bearing. 

De La Vergne Diesel Main Bearing. - The Do La Vergne 
engines use a tw'o-piecc bearing, a.s appears in Fig. 142. The 
bottom and top halves are sot at a 4.5-deg. angle which allows 
the pressure to bear on the center of the bottom shell. By 
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removing shims from between the two shells the necessary adjust¬ 
ment can be made. 

Otto Diesel Main Bearing.—The Otto Diesel has the two- 
piece bearing, adju.stmcnt of which is secured by shims. 



Two-piece Maiir Bearing for Vertical Diesels.— In vertical 
engines the wedgeless bearing, built along the linos of Fig. 143, is 
(0 common practice. Ihc bearing, here shown, is provided with 
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Fio. 143.—Main bearing McIntosh & Seymour Typo A Diesel. 


a ring oiling system; two rings are used, and the lubricating oil 
is carried in a cellar in the bearing housing. Much depends on 
the rings working freely. Ruined bearings frequently occur 
where the rings cease rotating, leaving the bearing without oil. 
With this bearing it is absolutely imperative that the oil in the 
cellar be maintained at a high level. To insure copious lubrica- 
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tion the distance between oil level and point of contact of ring 
and shaft should be as small as possible. It is self-evident that 
the greater this distance is maile the smaller will be the amount 
of oil which will reach the shaft since there is a longer time inter¬ 
val to allow the oil to flow back down the ring. The same 
reasoning applies to the grade of oil u.s(‘d. If it is fairly free- 
flowing, the shaft will receive a meager supply. At the same 
time if the ring lies deep in oil the re.sislance may be enough to 
prevent the ring from rotating. The .same type of bearing is 
adaptable to the u.se of a chain instead of a ring for oiling pur¬ 
pose. The chain should always lx; of brass in order to eliminate 
any grooving of the shaft. It is to be remembered that this 
brass chain will wear and break. If the bearings are not 
inspected occasionally, a broken chain may cause the babbitt to 
be ruined. It is an easy matter, when the engine is stopped, to 
pull a loop of the chain up through the bearing cap and run the 
entire length through one’s fingers. Any links that arc worn thin 
are easily detected, and, if many links are in a bad condition, the 
entire chain should be renewt'd. The advantage of the chain 
oiler lies in the greater amount of oil the links will carry to the 
shaft over that supplied by a ring oiler. 

McIntosh & Seymour Type A Diesel Bearings.—'I’he A-frame 
Die.sel of this make is shown in Fig. ITi. The botlom and toj) 
shells are not interchangeable since the top shell is only partly 
babbitted. Lubrication is by an oil cellar in addition to which 
a small amount of oil is sui)plied the bearing by a mechanical 
lubricator. 

McIntosh & Se 3 unour Type B Diesel Bearings.—I'he bearing 
of the Type B engine is of the same design as the Type A engine 
although the lubrication is by stream feed wherein a stream of 
oil is fed continuously to each bearing and no cellar is u.sed, the oil 
dropping into the crankcase and from here flowing to an oil 
sump. 

McIntosh & Se 3 rmour Marine Diesel Bearings.—Bofh the 
trunk and crosshead Diesels use a two-piece main bewaring of the 
same general design as above but pressure oiling is followed. 

Busch-Sulzer Diesel Main Bearing.—The same general type 
of bearing. Fig. 144, with a pressure oiling syst(un is found on 
the Busch-Sulzer Type B and C Diesels. With thi.s design the 
top and bottom shells are identical and, in emergencies, when 
the lower shell wears, the bearing may be reversed, using the top 
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for the bottom. There is no wear on the top shell, and a worn 
bearing can be used here for a time. This practice should not 
be maintained continually since a loose fit at the top shell may 
cause the shaft to whip and lift upward, but by removing shims 
this clearance can lx; reduced. 

With the pressure oiling system u.scd on this bearing it is essen¬ 
tial that there be a good seal b(.‘twocn the; shell and the housing. 
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If not, the oil will escape at the ends, and the shaft will fail to 
receive proper lubrication. Ordinarily, if the oil pas.sago to one 
bearing becomes clogged, the gage on the oil-pressure line will 
show an increased i)ressurc. If another bearing is worn, thus 
allowing a freer passage than usual, it is po.ssiblo for one line to 
bo completely clogged without any pressure change being 
evidenced. 

Fulton Diesel Main Bearing.—The Fulton engine uses a two- 
piece bearing of similar ilesign. This is shown in Fig. 80. Lubri¬ 
cation is by means of stream lubrication through adjustable 
needle valves. The oil dropping into the crankcase is removed 
by a pump driven by the crankshaft and after cooling, i.s returned 
to the reservoirs above the bearings. 

Dow Diesel Main Bearing.—The Dow main bearings are of the 
typical two-piece design. Lubrication is by rings dijjpiug into 
oil cellars under each bearing. 

Nordberg Diesel Main Bearing.—The three designs of two- 
cycle Nordberg Diesels use a two-piece main bearing; as shown 
in Fig. 72 A. Lubrication is by stream feed; the oil after leaving 
the bearings drops into the crankcase where it is picked up by a 
pump, sent through a cooler and filter into an overhead gravity 
feed-storage tank. 
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tion the distance between oil level and point of contact of ring 
and shaft should be as small as possible. It is self-evident that 
the greater this distance is maile the smaller will be the amount 
of oil which will reach the shaft since there is a longer time inter¬ 
val to allow the oil to flow back down the ring. The same 
reasoning applies to the grade of oil u.s(‘d. If it is fairly free- 
flowing, the shaft will receive a meager supply. At the same 
time if the ring lies deep in oil the re.sislance may be enough to 
prevent the ring from rotating. The .same type of bearing is 
adaptable to the u.se of a chain instead of a ring for oiling pur¬ 
pose. The chain should always lx; of brass in order to eliminate 
any grooving of the shaft. It is to be remembered that this 
brass chain will wear and break. If the bearings are not 
inspected occasionally, a broken chain may cause the babbitt to 
be ruined. It is an easy matter, when the engine is stopped, to 
pull a loop of the chain up through the bearing cap and run the 
entire length through one’s fingers. Any links that arc worn thin 
are easily detected, and, if many links are in a bad condition, the 
entire chain should be renewt'd. The advantage of the chain 
oiler lies in the greater amount of oil the links will carry to the 
shaft over that supplied by a ring oiler. 

McIntosh & Seymour Type A Diesel Bearings.—'I’he A-frame 
Die.sel of this make is shown in Fig. ITi. The botlom and toj) 
shells are not interchangeable since the top shell is only partly 
babbitted. Lubrication is by an oil cellar in addition to which 
a small amount of oil is sui)plied the bearing by a mechanical 
lubricator. 

McIntosh & Se 3 unour Type B Diesel Bearings.—I'he bearing 
of the Type B engine is of the same design as the Type A engine 
although the lubrication is by stream feed wherein a stream of 
oil is fed continuously to each bearing and no cellar is u.sed, the oil 
dropping into the crankcase and from here flowing to an oil 
sump. 

McIntosh & Se 3 rmour Marine Diesel Bearings.—Bofh the 
trunk and crosshead Diesels use a two-piece main bewaring of the 
same general design as above but pressure oiling is followed. 

Busch-Sulzer Diesel Main Bearing.—The same general type 
of bearing. Fig. 144, with a pressure oiling syst(un is found on 
the Busch-Sulzer Type B and C Diesels. With thi.s design the 
top and bottom shells are identical and, in emergencies, when 
the lower shell wears, the bearing may be reversed, using the top 
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engine with a wedgeless bearing, the only way to raise the shell is 
by the insertion of shims between the housing and the shell or by 
scraping down the high bearings. Practically all manufacturers 
bore the housings true to a test bar. Figure 145 is self-explana¬ 
tory as to the method of truing the housing, and it is only neces¬ 
sary to align the bottom of the housings; this done the bearing 
shells will be in correct alignment. It should never be necessary 
to shim up the bearings of a new engine. The work is usually 
performed in a painstaking manner, and seldom does any 
housing show more than a few ton-thou.sandths out of alignment. 



Fra. 145.—Fitting main bearing shollsi to seats in baseplate. 

The housings are filed and scraped until they test true. The 
bearing shells are all made of equal thickness, and, after being 
bedded in the housings, are checked for alignment by a test shaft. 
It any error appears, it is corrected by scraping of the babbitt. 

After the engine is installed in a power plant, the bearings 
begin to wear. No matter how excellent the lubricating system 
may be, the wear starts as soon as the engine turns over. Since 
the babbitt linings in the several bearings are never of equal 
density the wear is by no means uniform. Varying pressures 
in the engine cylinders tend to increase the discrepancy in the 
rate of bearing attrition. If the flywheel weight is supported 
or partly supported by one of the end main bearings, this bearing 
will probably show a more rapid wear than the others. Oil¬ 
engine operators should recognize these facts and take proper 
steps to maintain the bearing alignment. Too many allow 
matters to drift until one or more bearings start to run hot. In 
most instances it is then too late to save the babbitt lining. 
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Inspection of Bearings. -Just jus fhoro should be u i-egiilnr 
schodule in grinding vivlves and pulling pistons, tho ongincor 
should lest the iK'arings at stated intervals. It is difficult to give 
a rule lus to the length of tinu> elapsing between inspections; tho 
ojx'rator is not unduly active if he arranges to examine the Iwar- 
ings every ti months. To remove the bottom half of tho bearing, 
it is only neee.s.sary to lift off the top ludf and turn tho flywheel. 
T he revetiving shaft will draw the lower bearing from the housing. 
1 he thiekne.ss of the shell .should be measured at both ends and 
at the eenter; several measurements should be taken at various 
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points. If the.se measurements arc the same, it i.s evident that 
the wear on the partieidar bearing has been uniform. If the 
measurements cheek with readings taken on the other bearings, 
the main bearings are in Jilignment. If one bearing shows that 
it is low, the enginej'r must decide his course of action. It is 
po,s,sible to shim up under this low bearing until it is as high as 
the other. If the difference is marked this i.s tho best procedure; 
sheet steel makes the best liners. If the variation i.s less than 
0.005 in., the best scheme is to sci'ajM! the other bearings, remov¬ 
ing an amount of babbitt to compensate for tho variation between 
the highest and lowest bearings. In cases where all the bearings 
vary, scraping is the only remedy. 

That more attention should be given to bearings i,s evidenced 
by a crankshaft failure, photograph of which is here reproduced 
in Fig. 146. On examination the shaft showed marked crystal¬ 
lization. When the alignment of the bearings was checked one 
was found to be Hz-in. lower than the others. The shaft had 
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b(*n uimupportcd between two of the cranks, and at each power 
stroke of these two cylinders it had bent. This bonding, continn- 
ing for months at the rate of 350 times per minute, resulted in 
crystallization and final failure. In this breakage a loss of some 
$7,000, plus loss of operating time, is ti’aceable to misalignment of 
the main bearings. 

Measuring Bearing Wear.—A ready means of measuring the 
amount tin' shaft is below its original position is available if the 



builder has supplied a bridge gage. Some builders at llie lime 
the engine leaves the shop stamp the bridge-gage readings on 
the engine bed near each bearing and supply the engine buyer 
with the gage with which these measurements were made. This 
gage is similar to the one shown in Fig. 147, and the measure- 
iiK'nts recorded arc the distances between the top of the shaft 
at each bearing and the point on the gage. Any suksequent 
measurements with the same gage, when compared with the 
original measurements, show how much the shaft is down at 
each bearing. 

Variation in Bearing Wear.—The variation in the Ix-aring 
levels should not exceed 0.001 in., for the housings ai'o bored with 
a tolerance equal or le.s.s than this amount. If more than this, 
the shaft will likely spi'ing in operation. On engines with the 
flywheel mounted on an extension shaft the wear is more rapid 
on the main bearing adjacent to the flywheel. The thoroughly 
versed erector always sets this bearing from 0.003 to 0.004 in. 
higher than the other bearings. This allows a wear of 0.006 to 
0.008 in. before the bearing becomes too low. Because of the 
initial misalignment this particular main bearing always runs 
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warmer than the other bearings. Many operalor.s e.\|)erience a 
greal deal of worry over the temperature eondition of this bearing 
when, in faet, the higln'r temperature actually indicates that the 
Irt'aiing is in proper shap('. Wlnm the tcnipcrallire becomes 
lower than with the othi'r bearings, it can be taken as evidence 
that this bearing has worn low and must be raised. 

Measuring Bearing Clearance. For measuring the elearanee 
in main bearings, where no gage is provided, the top eaj) of tla^ 
bearing being worked on is lifted off with chain falls. 'I'he leads 
or .soft fuse wires, .say } :i-i in. thick, are laid eireumfereid,ially or 
around the top of the shaft, after which the cap is replaced and 
the nuts sledged up to their former position. On engim's with 
shafts !) in. or over, three leads, one at each end and one in the 
eetder should be u.se<l. 'I'he cap is removed a s('eon(l time 
and the tliiekne.ss of the leads measuri'd. 'I’lie leads taken indi- 
eal(^ th(^ total amount of ehairanee between the sh.aft and the 
babbitt lining of tlu! top half of the bearing, but they give no 
information as to how much of this elearanet^ is due to wear 
of the bottom half and howmmdi towearof tlu' (o|)half. For this 
re:i.son it is neee.ssary that the lowin' bearings be measured for 
wear as indicated above. 'I’he elearanee should be about D.DIIl 
in. per inch of shaft diameter. 



Hardened and dround 



Refitting a Bearing.—'I'here are many instanceswhereabearing 
Ijocomes hot, causing the babbitt to drag and cut; yet in the 
majority of ca.ses it i.s not necessary to rebabbitt this bearing, 
for the actual reduction in bearing tliiekne.ss may be le.ss than 
0.002 in. The proper procedure is to u.so scrapers made of old 
file.s along the lines of F'ig. 148, although there arc variou.s 
scra|)ers on the market, which, if available, are probably handier. 
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The babbitt shoiilil be smoothed down and all loose and damaged 
metal cut out. 'I'liis may cause part of the liner to bo so low 
that it fails to contact with the shaft. This is not objectionable 
since the ordinary .shell has an excess of bearing surface. Where 
the damage is considrable, a new babbitt liner is the; only solution. 

With very large engines short mandrels are usually supplied, 
one each of the same size as the main bearings, crankpins and 
crossheatl pins. When refitting a box that has been badly 
worn, overheated, or rebabbitted, the work can be done at 
any convenient place in the engine room, using the mandrel 
for spotting in. This makes it unnecessary to do the spotting 
on the bearings itself and docs away with a lot of laborious 
handling of the box within the restricted space in the housing. 

Rebabbitting a Bearing.—When the situation arises, the engi¬ 
neer, must determine the best way of rebabbitting and getting 
the unit back into service. In too many cases the old babbitt is 
melted out and a new lining run with a mandrel of the same 
diameter as the bearing. Often but not always the babbitt is 
scraped to a fair fit to the journal. 

It has been generally found that, when handled in the manner 
outlined, the babbitt fails to maintain an anchor to the bearing 
■shell; it has a decided tendency to loosen and finally crack 
• when in service. Usually, the particular make of babbitt is 
blamed, when almost invariably the methods followed in the 
babbitting process are at fault. 

In preparing to run a new babbitt liner, the old metal should 
be carefully removed. As a rule it is nece.ssary to heat the shell 
in order to remove the babbitt from the dovetail grooves. After 
the metal is removed, the shell should be thoroughly cleansed of 
any oil deposits by first washing with gasoline and then with lye 
water and wiping dry. 

Muriatic acid is next placed in a porcelain or pottery vessel, 
such as a small crock. Zinc scraps should be dropped into the 
acid until it is thoroughly “cut” or neutralized. The bearing 
shell is then brushed rather heavily with the cut acid. A blow¬ 
torch is played against the side of the shell while the engineer rubs 
a solder stick all along the inner surface of the shell, as shown in 
Fig. 149. To insure a thorough tinning of the shell, sal ammoniac 
should be sprinkled over the surface as the coating of tin solder 
is ruhbed into all the grooves. The tinning process insures a 
positive anchorage of the babbitt when run to the bearing shell. 
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Without the preliiiiiimry tiiiiiiiig the babbitt, on coolitig, appears 
to shrink away from the sliell. 



Before pouring the babbitt, it is necessary to procure a mandrel, 
if the engine builder has not supplied one. If a more improved 



Fia. 150.—Babbitting bearing. 

device is not at hand, a quite serviceable one can be made of a 
piece of pipe and a companion flange, as outlined in Fig. 150 at A. 
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'I’ho pipe should l)c at least oiic-cighth inch smaller in diameter 
than the shaft journal. A piece of a.sbcstos should be placed on 
the flange and the two bearing shells clamped together with 
paper or brass shims bedween the halves and slipped over the 
mandrel. To insure against leakage, wet fireclay may bo placed 
around the bottom edge of the shcdls. 

Only a high grade of babbitt metal should be used on engine 
bearings. In heating the babbitt in a ladle, two blow-torches 
impinging against the laillc are better than a coke or coal fire. 
The metal should not be hot enough to burn a pine splinter when 
the latter is thurst into the molten babbitt. If the stick chars 
but does not blaze up, the metal is about right for pouring. 

.After the bearing has been poured, it is nev('r advisable to pe(m 
the surface of the babbitt. Although this practice is quite 
usual, the peening does not make the babbitt anchor any better 
and often the hamtiKiring loosens the bond between the babbitt 
and shell. 

Boring Bearing. -Any bearing that is under high pressures 
such as occur with an engine bearing, should be bored to e.xact 





Fid. 151.—lioniiK rol»aljljil.led shell. 


diameter, 'i’his is by no means difficult if a lathe or boring mill is 
at hand. Figure 151 illustrates one method of boring the bearing. 
Here the shells are checked on the lathe and the boring tool held 
in the toolpost. The lathe speed must be low or chattering will 
occur. Almost all bearings have a flat surface at the ends, and 
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the l)paiiiig must be bored square with this ed^e. Care must Ire 
used in chucking the shells to got it in the coriect position. 

If the Ix'aring is too heavy to be eluicked, it can !«' elam|)ed to 
the lathe carriage and a boring bar made of a piece of str'el 
shafting with a cutting tool passing through the shaft and held 
fast by a setscrew. Often a drill pre.ss is called info service. 
In this case the shells are clamped on the press table and a boring 
tool made with two cutting edges to prevent side slippage of the 
spindle. 

After boring, the shells should be .separated and at the edges 
the babbitt should be cut away in order to provide a clearance 
which will enable the oil to enter between the bearing and shaft. 
All bearings on engines should be scraped to ati exact lit to tlu; 
journ.al. This is best done by coating the journal surface with 
I'ru.ssian blue or lampblack, in a pinch red lead thinneil down wit h 
g.a.soline will do. If po.ssible, a mandrel exactly the diameter of 
the shaft should be secured. The s])otting of the bearing can b(^ 
done with the mandrel, thus avoiding the difficult handling of the 
bearing in and out of (he engine crankca.se. A very light coaling 
is applied and the shell pl.aced on the journal and lightly rotated. 
When removed, the shell will be coated with the lampblack at 
tho.se points where th(^ babbitt is high. Scraping after rej)eated 
(rials will finally cause the babbitt to bear evenly at all points. 
In cutting oilways in the babbitt, (he grooves should not extend 
to (he ends of the shell nor to the chamfer at the parting edges, 
this is to prevent a too rapid flow of oil out of the bearing. 
In fact, all that is nec(le<l are two short grooves, intersecting at 
the middle of th(^ bearing and about four inches in hmgth. 

With engines where the lowa'r shell rests on a bored .seat in th(^ 
housing, the shell, including the babbitt, must be of the same 
thickness as the first shell when new. (lon.sequently, in boring 
this must be measured and in scraping the babbitt must bo cut 
away to give this e.xact value. If the procedure outlined is 
followed, a bearing equal to the original one will result. A 
small amount of care and patience in doing the work will bring 
largo returns in long bearing service. 

Hot Bearings.—A hot bearing is a trouble that every (ujgine(>r 
some day will experience. Generally this occurs when the load 
is heavy and when a shut-down is an impossibility. The engineer 
must maintain his presence of mined even though the kiaring 
smokes. It is an all too common practice for the operator 
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exciti’dly to doiichn the l)cariiig with a hiu’kot of water. This isof 
no avail. Water is at be.st a poor Inbripant, and it will merely 
make matters worse by washing off the little oil that docs cling 
to the shaft. The water strikes the shell and the .shaft; this 
results in the contraction of the shell, thereby loosening the babbitt. 
Another bad practice is the u.se of an air hose in a vain endeavor 
to cool the bearing. The oidy correct procedure is to run an oil 
pipe or ho.se to the bearing and feed a heavy stream of cool oil 
through the inspection hole in the cap directly on to the shaft. 
If the bearing is provided with an oil cellar, the drain cock to 




this should be oircned and the oil allowed to flow out aft(‘r passing 
over the shaft. It is best to run the engine light until the bearing 
cools off. If theengineisarrangedtoallowacylindertobeculout, 
the two cylinders adjacent to the hot bearing should be operated 
idle, with the exhaust valves blocked open. This relieves the 
damaged bearing of part of the prc.ssure due to .the cylinder 
explosion. After shutting down, the bearing liners should be 
examined and any necessary repairs made. 

Withdrawing Bearing Shells.—It is rather difficult to remove 
the lower half of a main-bearing shell without disconnecting the 
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back whereupon the magnetic pull again starts the lengthwise 
motion. 

A second cause is the existence of a low bearing which will .set 
n|) a lengthwise travel of the, shaft. A third cause lies in the 
exi.stenc(! of a crankpin l)OX which is incorrectly fitted to th<: pin, 
throwing the plan of travel of the connecting rod out of .scpiare 
with the shaft. Tln^ roil thus exerts a lengthwise thrust upon 
the pin and shaft. The engineer should sec if the cause can be 
eliminated before u.sing the thrust ring mentioned. 

Bearing Pressure. -The dimension of the main or shaft 
bearings are almost entirely dictated by the shaft size, which 
in turn depends upon the cylinder dimension and numiier of 
cylindiu's, etc. As a general statement, it may be .said that the 
bearing jiressures should not exceed 700 II), |)('r .square inidi of 
projected area. 

Comparison of Two-cycle and Four-cycle Bearing Wear.—In a 

four-cycle engine the downward pre.ssurc upon the lower bearing 
sbell is exerted during only part of the cycle. Upon the .suction 
stroke and for the later part of the exhaust stroke the unoi)po.sed 
inertia of the piston is sufficient to eliminate oral all events greatly 
reduce the downward thrust on the bearing. 

'I’he film of lubrication has, then, on the four-cycle engine a 
chance to reform and consequently bearing wear due to poor 
lubrication is not prevalent. 

In the two-cycle, single-acting engine the downward thrust 
exists during the entire cycle. If the lubrication is not positive 
thei'e is danger of the film of oil breaking. In this event metal to 
metal contact would occur, resulting in rapid bearing wear. 
Where iircssurc or stream lubrication is carried out, no more 
difficulties are experienced on the two-cycle than on the four¬ 
cycle engine. The problem of bearing wear in the two-cycle 
engine was solved when a good system of lubrication was 
adopted. 


Chankshafts 

The crankshaft is rightly one of the most important iiarts of 
the engine. The life of the Diesel depends in a great measure 
ujion the proper design and maintenance of the shaft. 

In the small and medium powered engine, say, up to engines of 
22-in. diameter, the shaft is a one-i)iece forging of open-hearth 
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steel of around l)-f,000 lb. tensile streiifjlh. In larger eyiiniler 
units the shaft is necessarily built-up since il is well ninh impos¬ 
sible to secure such large forging. 

The arrangement of tla^ cranks and order of firing of the 
cylinders are shown in Fig. 153 for four-sirokc-cycic engines atid 
in Fig. 1.53 A for two-stroke cycle imils. 
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The theory cnli'ring into the design of a Die.sel crankshaft i.s 
no diflerent from that of steam engine, gas engine, or air compres¬ 
sor sliafts and is given in all treatises on pun^ design. Tho.se 
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who arc interested arc referred to such volumes, for the complete 
treatment i.s beyond the scope of this work and is a matter of 
design rather than purchase and operation. 
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Lloyd’s Rule for Crankshafts- Lloyd’s survey dcniaiids that 
the crankshaft diameter be as detormined by the formula 

D = + Bh) 

When D - shaft diameter in inches. 

Dc = cylinder diameter in inches. 

L = distance below bearing centers, inches. 

S = piston stroke, inches. 

A = constant) . , > > , 

,, i , iis per table below. 

B = constant J 
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The table is based on a fonr-stroke-cycle single-acting engine 
If the engine is two-cyele, the constants for a given number of 
cylinders are those constants shown in the table for twice the 
given number of cylinders. 

United States Steamboat Inspection. —The requirements of the 
United States Steamboat Inspection Bureau are given in Chap¬ 
ter XXIV covering the general rules of the Inspection Service. 
In the same chapter are given the rules of the American Bureau 
of Shipping. 

Crankshaft Proportions. —Some rlesigncrs proportion crank 
webs by the formula 


0 = 



where a = thickness of web in the direction of the pin and shaft 
length. 

L = load on crankpin. 

D = }4 distance between web centers. 
b = web breadth. 

F = allowable fibre stress = 7,500 lb. per square inch. 
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In a discussion before the lOnRlish Diesel Engine Users Associa¬ 
tion it was recommended that, using the cylinder bore as unity, 
the crank dimension shoidd be approximately 


DiniiU'tcr of pin ami shaft 
IxMiKth of iM'arinjjs 
I^Mif^th of crankpin 
Thu‘km-‘<s of wel) 

Wulth of wch 


0 r)25 to 0 rA 
0 Tf) to 0 SO 
0 -wr. to0.r)t 
0 

. 0 s 


Fractured Crankshafts. - The bogie of the Diesels when first 
introduced in this country was broken crankshafts. Undoubt¬ 
edly the one thing that proved an obstacle to the introduction 
of the oil engine was this ipiestion. There were a few isolated 
eases of fractured shafts. The.se without reservation were due 
to one of two things. The early Diesel opmator knew but little 
about till' engine and bi'lieved In letting well enough alone. No 
attempt was made toward the adjusting of the various parts. 
The fuel valvi' frequently got out of order and opened too early, 
causing preignition. 'I'hese excessive iiressures had to be relieved 
by some ini'ans. Often the head gave way, but at times the 
head proved strong! r than the shalt, and so a fractured shaft was 
the result. The second cause was the failure to take up the 
wear in the main bearings. Frequently the inside bearings 
became worn, allowing the shaft to be supported by the two 
outside bearings only. This jiroduced a deflection in the shaft 
which was repeated and reversed each revolution. Ultimately 
the shaft gives way. As a rule the break occurs belwei'ii the pin 
and web or throw. More liberal lillet.s at this point along with 
more knowledge acquired by the engineer will eliminate this 
danger. 

Welding of Crankshafts.- It has been quite customary in the 
past to discard a shaft upon fracturing. When it is considered 
that a 0-in. shaft for a four cylinder .lOO-hp. engine costs around 
17,000, it is apparent that it should not be junked if it can be 
saved. 

Of late years electric, acetylene and Thermit welding have 
iseen used. Of the three, apparently electric and Thermit are 
uniformly successful. In F’ig. 140 is shown a .500-hp. engine 
crank which broke due to a low bearing. Thermite welding was 
resorted to with success. Such work should be left to experts and 
if done right is economical. In the case in question the cost was 
$1,(M)0, a saving of $0,000 over a new shaft. 
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Scored Shafts.—There are occasions when an engine crank¬ 
shaft becomes scored to a serious extent or worn unevenly at 
the journals. The average engineer is prone to think that a 
shaft in either of these conditions is worthless and should be 
removed at once. When the damage is severe, of course this is 
necessary. More often a little work will allow the engine to still 



pull its load. In cases of scored shafts an emery stone will 
serve to smooth up the shafts, finishing with a scraper and a final 
polish by lapping. Figure 154 outlines a lapping sleeve used by 
one large Diesel user. The scores do not cause trouble providing 
the edges of the cuts arc smoothed off, preventing the babbitt 
from being picked up. When the wear is uneven, the bearing 
shell should be scraped to a fit, even though the diameters at 
the two ends vary to a marked degree. 



Fi«. 154A .—Chocking shaft floxuro. 

Checking Flexure of the Shaft.—It is highly important that 
at least once every six months the shaft should be examined for 
flexure. This is done by using an inside micrometer and by 
measuring the distance between the crank webs both when the 
crank is at top and at bottom centers, as shown in Fig. 154 A. If 
there is any flexure, it will show a change in the measurement. 
When these measurements are being made, the pistons and rods 
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should be kept coupled up. If not, the flywheel might cau.se the 
shaft to bow slighti}’, and we are iiitere.sled in the shaft condition 
when all parts are c(!nnecled. In overhauling or erecting an 
engine, the ineasnrenients may be made befon' the flywheel or 
rods are connected. 

Bearing Wear. The flexure of the shaft will gage the amount 
of Ix'aring wear or rather the amount of ine(|uality in the bi'aring 
wear. In ea.se of a four-cylindi'r four-cycle engine reported to the 
Die.sel Kngine t'ser.s .Association, the following measureiiK'nl.s 
were r('Cordi‘d after l.S,t)t)t) hours of operation. 


Crimlvs 

1 

i IncliM 

IlU'llCJI 

i 

I Illt'llClt 

lliclici 

Top center 

7 ns 

7 

' 7 UfiO 

7 lit 

liottoin center 

7 \ u> 

7 OtlHf) 

7 1(11.7 

7 117 

DilTerenet'.s 

0 OO'J 

0 ()()(».■) 

, 0 OOOfi 

(1 ixn 


One point, however, should be is'rnembered —the pre.sence of 
shaft flexure, as indicated by a dilTerence in the top and bottom 
measurements of a crank pin, docs not locate the low bearing. 
This must be found l)y measuring the bearing thickne.ss. 

Crankshaft Wear. 'I'he amount of wear on pins and journals 
depends upon the charact('r of the steel, the ty])e of bearing, 
method of lubrication, and general care. .All cranks and journals 
tend to wear oval since the high piessure on the piston occurs 
during a small portion of the crank circle. Otw' tij^j-in. shaft 
after 20,000 hr. .service showed the following amount of w(^ar, 
using the journals as numbered in Tig. l.TJ. 

N'o. 2 jounml ov.'il It 0111.') in. 

.\'(i. a jnurniil ovjil II 0022 in. 

\n. t jnurnii! ovni () (Hill in. 

Xo. S jimi'inil .. oviil (I (HI(I7 in 

X'o (I journiil nviil (I (HIIH in 
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ADMISSION AND EXHAUST VALVES 

Tyi'hs. Adjustments. Repairs 

Valves. —TIk; four-stroko-cycle Diesel eiiKiiies are provided 
with air admission and exhaust valves as are all four-stroke-cycle 
Ras en|i:ines. In fact, a number of Diesels arc built with cylinder 
heads and valve mechanisms that are but slight deviations 
from the similar parts of a gas engine. This applies particularly 
to the horizontal Diesel of which a number pos.sess what might 
well bo termed “gas-engine heads.” In the vertical engines 
the entire valve e(iuipment is distinctly a Diesel feature, dilfering 
in many respects from any of the gas-engine designs. 

In all Diesels the admission valves .seat in valve cages along 
the lines of Fig. 1.57; the builders are not so unanimous as to the 
exhaust valve. This latter valve is some small horizontal engirn's 
is providial with a eag(\; in other makes the valve seats dir(^ctly on 
the cylinder casting; in others a removable seat which is fastened 
to th(^ head casting is supplied. Strictly speaking, the exhaust 
rather than the admission valve should be fitted into a cage. 
The hot exhaust gases, in jia.ssing through the valve opening, 
wear the ground seats very rapidly, while the admission valve 
is not subject to such an erosive action. From the operator’s 
viewpoint the exhaust valve should be caged, as well as the admis¬ 
sion valve. Engine builders, in a desire to eliminate the difficulty 
of lowering the exhaust cage under the cylinder head, place the 
admission valve in a cage and design the exhaust valve with a 
diameter to allow the latter to be lifted up through the admission 
valve cavity after the admission valve assembly has Ix'cn 
removed. This enables the engineer to grind the exhaust valve 
by inserting a pin wrench through the admission opening. 

In the horizontal engines where the valves are placed with the 
stems in a horizontal position, as well as in the vertical engines, 
usually both valves are caged. 

Valve Camshafts and Levers. —The present-day vertical Die¬ 
sels of American manufacture have camshafts along the cylinder 
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heads and arc driven by a vertical shaft from off the crankshaft. 
The drive is mainly by helical gearing. The camshaft carries 
the cams for the admi.ssion, e.xhaiist, injection and startingvalvcs; 
the cams arc usually of cast steel, with a tool-steel nose on the 
fuel-injection cam. The lever mechanisms are (|uite similar 
for all makes of vertical engines, the variation being mainly in the 
arrangement for operating the starting valve. 



The horizontal engines arc all fitted with a layshaft along the 
engine frame wdiich is driven on a 2 to 1 ratio froni the main shaft. 
The valves receive their motion from cams or eccentrics mounted 
on the layshaft. 

American Diesel or Busch-Sulzer Type A. - 'I'he former engine, 
which was the forerunner of the Bu.sch Type A engine, is of 
interest since many arc still in operation. The positions of the 
admission and exhaust valves are shown in Fig, 13. The cam¬ 
shaft is mounted within the enclosed crankca.se and is driven 
from the main shaft, through an idle or intermediate gear, and 
operates at half engine speed. The exhaust valve seats vertically 
in the lower face of the head and is driven directly by a vertical 
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push-rod pinned to the valve lever B. The lever is closed 
by a spring which is held in place by a washer and lock-nuts 
as shown in Fig. 1.55. This valve has two ta|)p(;d holes in the 
top which allow a wrench to be used, but the size of the cap 
screws are such that it is ofbui impossible to hold the valve with 
the wrench when disassembling on account of the burnt threads. 
The most .satisfactory procedure to follow is outined in the sketch 
to the left of Fig. 1.55. The spring is compressed by a pinch-bar, 
allowing the engineer to grasp the valve stem with a pipe wrench. 
By placitig an open-end wrench on the lock-nuts the nuts can be 
rmnoved, whereupon the spring is released and the valve with¬ 
drawn. The valve has a 4.5-deg. angle to its face .seating directly 
on the cast-iron base of the cylinder head. If the engineer desires 
to regrind, the valve is reinserted on the .stem housing and a 
light spring set below the valve as indicated by the dotted outline. 

The valve-stem housing is not bushed and in time wears 
enough to emit part of the exhaust ga.ses. This can be elimi¬ 
nated by the reaming of the housing and tin; insertion of a brass 
tub(! of the correct diamet(‘r and bore. The exhaust pot has a 
water drip connection for the purpose of maintaining the tempera¬ 
ture at a reasonably low value. A drip cock is also a useful 
adjunct to the pot since it will free the chandrer of tarry deposits. 
The junction of the pot and cylinder head is se.aled by a copper 
gasket. It is absolutely necessary that the stud bolts have clean 
threads for they are rather inaccessible, and if the stud nuts are 
not tight the gask(d will blow. 

Admission Valve.--The admission valve is contained in a cage, 
Idg. 150, and is actuated by a cam, similar to the exhaust cam, 
through the lever and push-rod shown. The cage has a gasket(al 
joint at a. In placing the copper gasket on the joint and setting 
the valve cage into position, care.is to bo exercised to prevemt 
the gask(T from wedging. 

Adjustments.—The valve lever, since the clearance between its 
end and the valve nut is large, delivers a hammer blow to this 
nut and the fibre washer. The washer wears rapidly while the 
nut gradually shears the threads on the valve stem. The valve 
stem can be turned down and threaded to take a smaller diameter 
nut; a second remedy is the employment of a cotter pin through 
the worn nut and valve stem. The bushings on the lever pins 
also wear rapidly; these can be replaced by new bushings. The 
pins frequently become flat, and new pins of machine steel, 



231 


ADMISSION AND EXHAUST VALVES 

case-hardened, can be turned (o replace the defective ones, 
f t t pins aro oilod, as they slioiild In*, littlr woar will occurj while 
tile pin liearings have only oil holes, small oil eu|)s are far more 
serviceable. 

In regrinding this valve the unit is disassembled. The valve 
IS rein.serted in the cage and the dashpot again placed on the 
valve .stem. 'I'his eonsirains (he valve s(('m to ivmain in its 
proper position while the valve faei' is ground to the correct angle. 



Adjusting Valve Levers. T ho long nut on the U|)per end of 
the exhaust valve push-rod is screwed on until it clears the valve 
stem nuts by Jfe in. when the valve is at rest and the pu.sh-rod 
is in its lowest position. I'he lock-nuts on both push-rod and 
valve stein must be jammed tight to prevent any change in this 
clearance when the engine is running. The iipjxir end of the 
admission valve push-rod is adjusted to allow the valve end of 
the rocker to clear the fibre washer by 1^2 in- when the valve is 
seated. 
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A layout, of the valve mechanism is shown in Fig. 13. This 
also includes the fuel valve rocker arm and rod. The cams are 
of cast steel keyed to the camshaft, (,'hange in the timing of the 
cam assembly can be effected by shifting the cam gear a tooth 
or two. This is made possible by .sliding the idle gear until it is 
out of mesh with the cam gear. Alteration of an individual cam 
is obtaitied by the employment of an offset key which will move 
the cam the recpiired amount if the adjustable cam nose does not 
give enough adjustment. 

Valve Timing. Figure ]r)tiA gives the timing of admission, 
ex'haust and fuel valves on the 22.')-hp. Ameiican-niesel engine. 



These timings repre,sent standard practices and are equally 
applicable to 120- and 170-hp. engines of this make. In this 
diagram ('ach quarter circle represents 180 deg. and not 90 deg., 
being equal to one complete stroke of the engine piston. The 
degrees indicated arc to be laid off on the fly wheel rim and are 
not percentages of the piston travel. To translate these degrees 
to inches on the periphery of the flywheel is a matter of simple 
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imithoinatics. For example, if the wheel be 8 ft. in (iiameter, the 
t'ircurnfcrenec is then 302 in. One degree i.s in this ea.se 
— in. or 0.83 + in. If tlie oix'rator u.ses a value of 0.8 in. per 
degree, he will he working amply clo.se. 

Busch-Sulzer Type B Diesel Valves. -In exterior form the 
admi.s.sion and exhaust valves and cages are (|uitc similar. 
Both are placed verlic.al in the cylinder. The interior arrangiv 
ment of the cages, however, are by no means identical. The 
exhaust-valve cage has a removable valve-stem bushing; 
the cavity between this bushing and the cug(^ body constitutes 



the cooling-water jacket. The adnii.ssion valve cag(‘has t he valve 
stem support cast integral with the eagi' proper. Both cages 
are provided with removalile seats as appears in Fig. \N7. This 
feature is of importance to the operator since it obviates the 
necessity of replacement of the complete cage when the valve 
scat has Ixaui worn excessively. 

'I’he valves, both admi.s.sion ainl exhaust, have cast-iron bodies 
with steel stems. In disassembling the valves, the lock-nuts 
D and E are un.screwed, the valve being held by a piti wrench 
inserted in the two pin holes in the valve body. The removal 
of the spring cap F allows the valve to bo withdrawn. The 
exhaust-valve scat, of course, experiences the greatest wear; 
consequently frequent refacing of the cage seat becomes neces¬ 
sary. After a number of rcfacings with a reamer the cage seat 
lies too deep in the cage; when this occurs, a new removable 
seat ring can be obtained. 
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Cam Levers.—The valves are actuated by lovers which receive 
their motion from a cam.shaft that lies alonf? the cylinder head. 
Thi.s camshaft i.s driven by the engine .shaft through the inter¬ 
mediation of the vertical governor shaft and two sots of helical 
gears. 

To allow the valves and cages to be lifted without the removal 
of the entire rocker arm and shaft, the rockers arc in two parts. 
These two parts arc held together by one bolt A while two dowel 



Fiq. 158.—Biisfh-Sulzcr 500 hp. Type four-oyliiuler, 200 r.p.ui. l)ic.'?ol vulvo 
tiniiiig (liiigrain. 

pins f? preclude the possibility of the j)arts being imi)roperly aligned 
on reassembly. One end of the rock(^r carries a hardened steel 
roller while (he other end is fitted with the adjusting screw G, 
which screws into a steel pin and is locked by the nut H. 

Valve Lever Clearances.—The adjusting screw enables the 
operator to obtain the required clearance between the roller 
and the cam when the valve is closed. The rocker arm is held 
against the valve stem, and the clearance is measured between 
roller and cam by ordinary thickness gages. The clearance 
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valves that are correct for all sizes of the Busch-Sulzer Type B 
engines arc as follows; 


Admission valve cam olertrimcc 0 012 in. 

Exhamst valve cam clearance 0 018 in. 

Fuel valve cam clearance 0 (K)4 in. 

.Starting valve cam clearance 0 012 in. 


.Since the clearances are established when thi' engine is cold, 
it becomes ncce.ssary to note whether the valves close after the 
('ngino has liecome warmed. If not, the a<ljnsling or push screws 


can be backed off to givit these 
values. Figure l.')8 is the usual 
valve liming on this engine. 

Camshaft Layout. Figure 
bio is a schematic outline of 
the actuating valve levers of 
the Busch-.Siilzer engine. The 



I'l'i. I.'.!!..llu.scli-.Sulr.or rorkor layoat. 



lever shaft ij is supported by the pedestal bearings, ladtiTshown in 
Fig. 100. The l(;ver d controls the exhaust valve, while a 
actuates the air admi.ssion valve, and the lever b governs the 
fuel valve, the lever c opening the air starting valve in starting 
the engine. The levers b and c are mounted on an eccentric 
bushing which is supported by the shaft g. In starting, the lever 
0 moves the eccentric bushing to the “starting” position where 
the fuel lever b does not engage its cam 6; this movement brings 
the starting lever c into contact with its cam c. This action is 
carried out on the two starting cylinders; on the two idle cylin¬ 
ders the eccentric handle is moved to the neutral position, cutting 
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out the fuel valve. It should be understood that only the two 
starting cylinders have the starting valves. 

McIntosh & Seymour Type A Diesel Valves.—'J'he admission 
and exhaust valves of this engine follow the form shown in Fig. 
161. Both valves have the same dimensions, the difference 
between the two being the removable seat used on the exhaust 
valve; the valve .scats have a 60-deg. angle with the stem. This 
seat is an alloy-steel ring held in place by two countersunk screws. 



Fig. 161. —McIntosh & Seymour ex- Fig. 
hauat valve. 



162.—Exhaust valve and cage. 


In renewing this ring it is very essential that the surfaces bo 
thoroughly cleaned. Occasionally the ring is slightly distorted 
when received; it must be ground true before it is placed on the 
valve. The exhaust and admission valve cages are of the same 
external dimensions. They differ only in the exhaust cage 
having a water cavity around the valve stem. The cage's rest 
in machined cavities in the head, the joint at the point o being 
sealed with a copper gasket. The gasket must be of the proper 
width to eliminate danger of cramping when the cap is placed 
over it. Figure 162 shows the exhaust valve and its cage. 

To disassemble the valve, the pin B, Fig. 163, is driven out of 
the valve stem, and the bushing a is removed. The spring cap 
D is pushed downward, allowing the slotted ring C to be slipped 
from around the valve stem. This being done, the spring cap 
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and the spring are withdrawn from (lie top of the cage while the 
valve can be renK)vc(i through the bottom end of the cage. 

Camshaft.—Tlie eamsliaft lies along tlie cylinder heads, rest¬ 
ing in bearing pede.stals mounleil on extensions from the cylinder 
Ciustings. The camshaft is driven, through helical g(‘ars and a 
vertical governor shaft, by the main engine shaft. 



Mcriiio-nh SoMnoiir val\(‘ lavoiit 

Figure Iti-l .shows the valv(' rocker arrang('ment where d is the 
exhaust rocker, a is the admission rock<‘r, l> lh(‘ fuel rock('r, and 
c th(! air-starting rocker. The earns for l> and c are in oiri' jur'ce; 
the engiire is startial by shifting thrr .starling roller c until it con¬ 
tacts with th(' starling cam: a small lever is provided on the i-ocker 



for this purpo.se. Aftrrr the engine fii'es, the roller c is moved out 
of contact with its cam. 

In removing the valve cages, the caps of the pedestal bcaring.s 
/, Fig. 163, are first rrnbolted and a rope sling passed around the 
ends of his rocker shaft. Sirree the shaft is lifted, the entire 
valve rocker mechanism for this particular cylinder is removed. 
While this appears to bo a more difficult task than the removal 
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of part of a rocker arm as in Fig. 157, actually it consumes no 
more time and, if the plant possesses a traveling crane hoist, is 
no more difficult. 

Valve Cam Clearances.—The roller clearances to he main¬ 
tained are as follows: 

Admission valve cam clear.ancc 0.039 in. 

Kxliaust valve earn clearance 0 O.'iC in. 

Fuel valve cam clearance. 0 002 in. 

StarliriK valve cam clearance 0 030 in. 



Fio. 1G5.—Valve timing McIntosh & Seymour 500 hp. engine. 104 r.p.m. four 
cylinders 18% din. X 28?'4 stroke. 


Figure 165 gives the valve timing which is correct for the 
500-hp. engine at 164 r.p.m., and this equally applies to all sizes 
of the slow-speed engine. The manufacturers set the admission 
and exhaust valves on the erecting floor and do not recommend 
any change. The helical gears are marked to enable the erector 
to assemble the valve mechanism. Nevertheless, after a few years 
of service the gear teeth and the cams wear to such an extent 
that the valves do not function as originally set. It then becomes 
necessary to retime the valves along the settings indicated above. 



ADMI&VON ASD EXHAUST VALVES 


239 


The rocker shaft is provided with sinull fcreaac cups. Usually 
the lubrication so obtained is insufficient, and the cups should 
be replaced by sight-feed oil cups. 

Lombard Diesel Valves.—The admi.ssion and c,\haust valves 
of the Lombard engine are intcrchangcalde and appear in Fig. 
71A. Kach valve is provided with a cage and, !is indicated in 
I'ig. 71.1, the valves are placed ataf)0-deg. angle in the cylinder 



I' 1 o 1 0 ft.- <1 nt i88 1 (>II 

valve, l''ullDn-Dio8e!. 






head. In this way the head is made slightly concave. In addi¬ 
tion larger valves are pos.sible than with the usual arrang('ment 
of flat heads. I'he valv('s are also somewhat diffiuent as to the 
spring arrangement. These are not placed entirely within the 
cage but extend beyond the cage top, being hold by a washer 
arrangement on the valve stem. 

The camshaft lies along the cylinder top and is provided with a 
cam for each valve rocker arm. The rocker end bears upon a 
hardened lock-nut or cap on the valve stem. 

Adjustment of clearance between roller and valve is thorough 
alteration in the setting of the lock-nuts mentioned above. The 
usual roller clearances are 
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Admission valve roller clearance. 0 02 in. 

I'ixluiust valve roller clearance. 0 02 in. 

Fuel valve roller clearance. 0 002 in. 

Air starting valve roller clearance . 0 02 in. 


Fulton Iron Works Valves.—The adiiiis.sion valve, Fip;. ICG, 
ami tint cxhaii.st vttlve, Fig. 107, of the stamiard Fidlon engines 
follow customary lines. The exhaust valve, which Ls of cast iron, 



is threaded onto the valve stem, the latter being riveted over. 
The extension of the stem guide together with the form of the 
valve prevents burning of the stem. 

The largest units have exhaust valves as well as the vttlve cage 
that are water-cooled. To allow the water to enter the valve 
stem a telescopic arrangement is placed on the valve stem as 
shown in Fig. 168. 

The roller clearances are: 


Admission valve roller clearance 0 028 in. 

Exhaust valve roller clearance. ... 0 026 in. 

Fuel valve roller clearance. . 0.002 in. 


The valve timing differs but little from those already given 
for other engines. 

Winton Diesel Valves.—The Winton engine has two admission 
and two exhaust valves per cylinder. These are arranged 
about the center of the head where the fuel valve is located. 
The two exhaust valves are operated by one cam which bears on 
a yoke as illustrated in Figs. 169 and 170. The upper ends of 
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the valve stems are tlireaded and pass thiougli the yoke. Ad¬ 
justment of clearance is had by placing washers between the 
yoke and valve stem. 

For a high-si)eed Dic.sel the ii.-ie of two exhaust, and admission 
valves enables better scavenging and charging to be obtained. 
Hesi<les, it is reasonable to expect a good cooling effect in the 
head and little danger of head frachire. 'I'he <lrawbaek, if any, 
lies in tlie necessity of kee|)iMg twi<'(! the usual numlx'r of valves 
i]i coi]dition. 

'l'h(' camshaft lies along the side of the cylinder head, being 
driven by .a vertical shaft geansl to the engine shaft. 



In the Marine engiiu^ tln^ eamshaft is slid longitudinally to 
bring the reverse cams under the valve-rock('r rollers. Jugiire 
170 shows the cam arrangement. 

Snow Diesel Engine Valves. Figure 171 outlines the admis- 
si<in valve while Fig. 172 is the exhaust valve a.ssembly of the 
Snow horizoidal engine. The valve stems are identical, while 
the valve bodies difTer in that the exhaust valve body is extended 
along the stem, forming a gas deflector to avoid the burning of 
the stem. The valves have one feature that makes them rather 
IX'culiar—the valve seats arc Hat surfaces. The advantage of 
the Hat valve lies in its freedom from any wedging action, with 
the consequent grooving which, at times, occurs with the bevel 
seat, and in the increased valve opening over the bevel-seated 
valve for any given lift. There is, however, an objection to the 
flat valve which an occasional engineer voice.s. It is much more 
difficult to keep gas-tight, largely due to the accumulation of 
small carbon partichNS on the face. The valves are easier to 
16 
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rcgrind, and consequently any deposits can be quickly removed. 

The valve stem is equipped with labyrinth grooves, and it 
beconw's necessary to clean these recesses of tar each time the 
valve is inspected. Since the side pressure from the rocker arm 



is against the stem, the stem must be copiously lubricated; this 
is obtained by a line from the mechanical oil pump on the engine 
frame. The cage is sealed by a ground joint at the inner end 
as well as by a gasket at the outside flange. 

Camshaft.—The camshaft, as will be noted in Fig. 173, is 
driven by bevel gears from the engine layshaft. The rockers 
are fulcrumed on a short shaft which is supported by the cylinder 
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head. To remove a valve ea^e, the entire roeker ii.'^sembly must 
be unbolted, Thi.s fnlernm shaft is proviihai with an ooeentrie 
bu.shiuK upon whieh are fitted the starting and fuel-valveroekers. 
Cam Clearances. The proper roller elearanees ari' as follows: 



Admission valve vain vlearanve 
I'Xliaiist valve vain vlearanve 
Fuel valve vain vlearanve 
.Air starling valve earn vlearanve 


I) 01 in. 
0 01 in. 
0 004 in. 
0 0:!0 in. 


The proper valve tiininn appears in 174. Any change of 
the entire cam timing can be obtained by shifting the gears one 
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or two teeth, while the alteration of an individual valve cam can 
be secured by shifting the cam nose. 

Worthington Marine Diesel.--In Fig. 176 is shown the admis¬ 
sion valve of this 1,750-hp. Marine Diesel. The cage only is 
water-cooled while both the e.xhaust valve and its cage is cooled 



I' 10 . 175.—WorthiiiKton cxhiiUHt valve. 

In addition to the main exhaust valve in the cylinder head an 
auxiliary spring loaded exhaust valve is placed in the cylinder 
barrel well toward the bottom end. The piston, as it nears the 
end of the power stroke, uncovers this valve. Since the spring 
holding the valve seated has but little strength, the pressure 
opens the valve, allowing the major part of the charge of hot 
gases to pass out through this valve. The main exhaust handles 
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only a snmll part of the «as<'.s. On the coinpre.ssion stroke, the 
air has a very low pressure during the interval before the [jiston 
covers the auxiliary valve, consotpiently the valve remains 
closed. This feature should do much toward lessening the 
nuud)er of stoppages at sea to regrind valves. 

The various valves are ojieued by roekiu's actuated by push- 
rods. The rods are seamless steel tubing with welded foigcd 
steel ends. The lower ends, which bear rollers, ar(^ linked to the 
reversing shaft, as is shown in Fig. 176. TIk^ rolk'r clearances 
are from 0.030 to 0.040 in. 



The reverse and control are obtained in a very simple and 
positive manner. An air cylimh'r is provided with a piston and 
rod. The rod at its upper end is fitted with a rack and a cam 
plate. This latter bears against rollei’s fastemal to the camshaft. 
The rack engages a pinion keyed to the revers(' shaft. When 
the handle of the reversing valve is thrown to “astern,” the 
air enters the lower part of the air cylinder. This forces the 
piston rod upward. The rack revolves the n^verse pinion, which 
rotates the reverse shaft. The links connected to the valve push- 
rod then pull the rollers out of contact with the cams. The cam 
plate on the reverse piston rod has moved upward during this 
period, and as the rollers clear the cams the curve on the cam 
plate engages the roller block and shifts the entire camshaft to 
the right, bringing the astern cams under the rolkus. Further 
movement of the rack brings the pushrod back onto the astern 
cams. An oil cylinder, c(iuipped with a bypass valve actuated by 
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tho revcfso lover, ofTool ually locks tlic reverse in position. The 
engine is now rciidy tti run astern. 

Iwo control levels ai'c provided, thereby ullowiiiK three 
cylinders to be ent out when running at low speed. .Vfti'r tho 
reversal has Ix'cn aeeoniplishi'd, the control lever is moved 
inward. When the lever reaidies its first position, the .air 
valvi' is opi'iied. .\s the ('iinine comes np to speed under the 


. ^ “-m 



I'Ci. 177 N'enlhcra I'l) v;ilvo K<‘ar. 


infhienee of the air which is admitted into all the cylinders, tho 
control lever is shifted farther inward; this cuts out the air and 
admits tho fuel. The fiii'l |)mnp is controlled by alterinR tho 
duration of openint; of the immtisiietion valves. 

Snow Vertical Diesel. - The ilesipn of valve used on tho Snow 
Vortical Die.sid is shown in Fin. III. 'I'lio most noteworthy 
feature of this engine is the cooling of the valve cat;es by tho same 
water that pas.ses throujfh the cylinder head. Thimliles lead the 
water from the hoad to bosses on the valve capes. 

The valves are driven throuph rocker arims by the layshaft 
which runs along the cylinder head, see Fig. 75. 
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Nordberg Two-cycle Diesel Valves.—The large Nordberg 
Diesels are fitted with four scavenging valves in the head. These 
are arranged in pairs, and each pair is controlled by a rocker arm 
moved by the camshaft. The arrangement, as shown in Fig. 
177. The clearance between rocker and cam varies from 0.03 
to 0.04 in. depending upon the engine size. 

The smaller engines use port scavenging, and so the head 
carries only the fuel and starting valves which are in one cage. 

McEwen Diesel Valves.—One excellent feature of this hori¬ 
zontal engine is the provision of cages for both the exhaust and 



Fia. 178.—MoEwen admission valvo and cage. 

the admission valves. These cages and valves are mounted in 
the cylinder head in vertical positions, as appears in Fig. 70. 
Both valves are of cast iron with steel stems; the exhaust valve 
body is extended to form a hood about the lower part of the stem. 
The two valves and the admission valve cage are shown in Fig. 
178; both valves have 45-deg. seats. To remove either cage, 
it is only necessary to unship the reach-rod pin and lift out the 
cage with the rocker attached. 

The camshaft is driven by a helical gear fom the engine shaft. 
The valve rocker arrangement is outlined in Fig. 88. Each valve 
has its individual cam, the exhaust cam roller being provided 
with a shifting pin which relieves the compression on starting 
the engine. 
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Cam Clearances.—The valve cam clearances follow: 


Admission valve cam clearance 
Exhaust valve cam clearance.. 
Injection valve cam clearance 
Starting valve cam clearance... 


0 005 in. 

0 03 to in. 

0 (XU in. 

0 03 to in. 


Valve Timing.—The timing diagram applicable to the engine 
appears in big. 179. These values ran be followed by the opera¬ 
tor with a feeling that they are correct. 



National Transit Diesel Valves.—This engine has the admis¬ 
sion valve provided with a cage while the exhaust valve has a 
half-cage, which carries the valve spring and stem hou.sing. The 
latter valve does not seat on the cage but instead a removable 
seat is set into the cylinder casting and held in place by machine 
screws, Fig. 180. 

The valves differ in that the exhaust valve body is extended to 
form a guard around the stem. In removing the valves, the 
admission valve cage is first lifted off, and then the exhaust valve 
spring and cap are unshipped. The exhaust valve can then be 
raised through the admission valve cavity. If it is desired to 
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remove the exhaust case, a rope can Im' passed tliroush the valve 
stem hmisins and tied; slipping the other end throngh the admis¬ 
sion cage cavity and hooking it to a hoist, the exhaust cage may 
he lowered to tlii! floor or lifted into place as the case may he. 
The false exhaust seat is difficult to remove when worn as the 
screw threads tend to hum and corrode fast. Vigorous ham¬ 
mering with a long har will frequently loosen the screws; kero¬ 



sene should always he poured on the seat simx' this will assist in 
cutting away tin; iron I'list from around the screw thn'ads. 

Valve Cam Mechanism.- Both the valves are actuated hy 
wiper type levers. These levers are controlled hy a single eccen¬ 
tric as shown in Fig. 180. Since the contact hetween the fiat 
valve lever and the rocking levers is a rolling one, the clearances 
are not of such serious moment. The correct timing of the valves 
can be sectired by either shifting the cccentricq or altering the 
length of the valve stems through the agency of th(‘ valve lock¬ 
nut caps, or hy adjusting the length of the valve reach-rods. The 
latter is the proper method for securing any minor timing adjust¬ 
ments. The valve timing of this make of engine appears in Fig. 
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181. It is appan'iit from Fin. FI tl>at (he air-.starliiin and fiiol- 
injoction cam.s arc distinct from the valve I'ccciitric. 

National Transit Diesel, 1918 Model Valves.-The later 
ennines produced by the National Transit Co. have a v;dv(' and 
camshaft desinn radically difTcninit from the one discussed ahov<'. 
The valves are placed horizont.ally in the cylinder head, and both 
arc provided with cages. This entire assembly appears in Fig. 



182. 'I'he end of the valve stem has an adjustable head which is 
in contact with thi' valve rocker, and a collar against which the 
valve siiring rests. No spring cap or other bearing is provided 
for the support of the outer end of the stinn. However, the 
cage sleeve is long and gives ample support. 

Camshaft Layout.—The rocker arms fnlcrnm on a short shaft 
which is carried on bearings bolted to the head; this shaft is loose 
in the bearings and is held by the starting lever shown. The 
rocker rollers rest on the cams which are keyed to the short cam¬ 
shaft; this shaft is driven by th(‘ layshaft through bevel gears. 

The advantage of this de.sign lies in the better cylinder head 
that is permissible with horizontal valves. 
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Valve Tuning.—The timing of the valves is the same as applies 
to the former design and appears in Fig. 181. 

Allis-Chalmers Diesel Valves and Rockers.—The valve 
arrangement of this engine, Fig. 183, is quite similar to the one 



just discussed in Fig. 180. The exhaust valve, however, has no 
removable seat since it rests directly on the cylinder-head casting. 
Use is made of a single eccentric for both valve actuating rods. 
In the two-cylinder engines a system of links allows the one 
camshaft to control the exhaust and admission valves of both 
cylinders. The valve rockers have a wiping action and conse¬ 
quently open and close the valve, while the rocker is moving at 
a maximum speed, without shock or noise. The noiseless valve 
action is especially noticeable to one accustomed to the slam- 
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ming noise of the usual cam-controlled Diesel valves. Since 
this form of valve actuating levers is used, no clearance is required 
between the lever and valve cap when the eccentric is in its 
extreme low position, beyond that necessary for (he oil film, 
which need not be more than O.OOl inch. 



In the later models of the Allis-Chalmcr\s Diesel where more 
than one working cylinder is used, a different valve gear is 
employed. A short eccentric shaft runs along the cylinder 
heads, being driven by the layshaft through beveled gears, 
liccentrics on this shaft drive tlui valve rocker arm.s, the valve 
rocker is turned 90 deg. from the position shown in Fig. 183. 

Standard Fuel Oil Engine.—I'his horizontal engine, being of 
the two-stroke-cycle type, possesses no air admission or exhaust 
valves. The piston performs the duty of both valves, uncovering 
air scavenging ports and exhaust ports at the forward end of its 
stroke. The piston action, along with the functioning of the 
scavenging air valve, should properly fall within the scope of 
this discussion of engine valves. In Chapter VIII a few words 
were devoted to the scavenging piston which acts as a compressor 
to supply the scavenging air to the power cylinder, although the 
means of this accomplishment were not mentioned. Figure 77 
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rfiprescnts the engine cro8s-section, showing both the power pis¬ 
ton and tlie scavenging piston, which is bolted to the former. 
Figure 184 is a view of the injection air compressor. The low- 
pressure air piston i.s of an hour-glass shape and act.s as a valve 
in directing the proper flow of the .scavenging air. The pipe a 
is the air suction line open to the atmosphere. The air, flowing 
in along the pipe a, pas.ses through the port I, allowing this air 
to enter the scavenging air cylinder //, shown in Fig. 77/1. As 
the engine turns over this air is compre.sscd, and the continued 
movement of the plug piston g, Fig. 184, uncovers the port d, 
which permits the air to flow out through the pipe di into a low- 
pressure air receiver, not shown. This air is at a pressure of 8 



to 10 lb. gage. After the fuel charge in the power cylinder fires 
and the piston moves outward, the exhaust ports K are 
uncovered. At the same time the scavenging air ports e arc also 
opened. During this interval the plug piston g has moved, 
shutting off the connection between the scavenging cylinder and 
the air-receiver lino d, and has placed d in communication with 
the scavenging air ports e. The air, stored in the receiver, 
rushes through the ports e, scavenging the power cylinder of the 
exhaust gases. It is apparent that the successful functioning of 
the entire air-scavenging system depends on the condition of the 
air-compressor piston or plug valve g. 

Standard Fuel Oil Vertical Diesel Valves.—The vertical 
Standard Fuel Oil engine has a somewhat simplified arrangement 
of the scavenging device. The shipped piston, Fig. 70A, delivers 
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the scavenging air through flap valves into a chainl)er running 
along the cylinders. The piston, on uncovering the scavenging 
air ports, deflects the air eurrents upward along the cylinder, 
forcing the burnt gases out of the cylinder. The scavenging is 
excellent, and the engine develops full power even at high speeds 
where it might be expected that the scavenging would be poor. 

De La Vergne FD Diesel Valves. -This horizontal l)i('.sel, of 
which oidy a few have been built, has tln^ valves locaterl hori¬ 



zontally in the head. They are driven by rockers which are 
actuated by a camshaft bolted to the front of the cylinder head, 
as apirears in Fig. 23. 

‘ Valve Timing.—Figure 185 gives the valve timing of this 
Diesel. Individual units may vary slightly from these valves. 

McIntosh & Seymour Trunk Piston Marine Diesel Valves 
and Valve Cages.—The admis.sion and exhaust valve cages 
of the trunk type engines are made of cast iron and do not have 
separate valve seats. The valves proper are also of cast iron 
with steel stems cast in, and are guided in the lower part of the 



256 


DIESEL ENGINES 


valve cage and do not have an upper guide as is used in the 
stationary Diesel for the guiding of the valve. 

Rocker Arms.—The various rocker arms are operated from 
the cams by means of vertical push-rods, including the air starter 
and fuel valve rockers, Fig. 186. 



Flo. 186.—McIntosh & iScyinore trunk-piston marine Diesel valve arrangement 


Camshaft.—The camshaft is driven by a set of spur gears 
from the crankshaft at the after end and runs at half the engine 
speed. A double set of cams is arranged side by side in the 
following order; exhaust, fuel, starting, and admission. They 
are keyed to the shaft and bolted together. Cams and rollers 
are made of cast iron and are chilled at the running edges. 

Reversing and Operating Gear.—This gear is located on the 
forward end of the engine. Two turns of the reversing wheel 
shift the camshaft in a horizontal direction for either ahead or 
astern rotation. This mechanism is designed as follows; The 
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handwheel turns a shaft to which a bevel gear is keyed, Fig. 187, 
which in turn rotates a large bevel gear I) mounted on another 
shaft, at right atigles to the first one, carrying a jHiiion which 
operates a rack L up and down. Thi.s rack has an extension 

which is provided with a slot in 
which a roller moves, which roller 
is fastened to a rocker arm M piv¬ 
oted around a fixed point. The 
other end of the lever is forked 
and its arms fit in a groove in a 
sleeve fast(m(‘d to the camshaft, 
thus moving this shaft in either 
direction at will. TIk^ rollers for 
exhaust, fuel, and admission are 
moved away fi'om th(' respective 
cams by th(‘ rods I and R at the 
same time the camshaft is shifted 
longitudinally. Startingisperfor¬ 
med by moving the levc'r 0, which 
controls fuel and starting, all the 
way downward, in which event 
the starting air roller is brought 
in contact with its respective cam, 
admitting air to the cylinders. 
As soon as the engine has turned 
over a few times on air, the con¬ 
trol handle 0 is moved u|nvard 
again, bringing the fuel a<imission 
at the full-load position. It will 
be understood that the starting 
air was automatically cut off again 
as soon as the control lever 
reached the “full-load” mark on the segment. 

When the engine is run on fuel, the reversing gear and the fuel 
regidations are interlocked, and only when the cmitrol lever is on 
STor does it Ix'come po.ssible to turn the reversing wheel as the 
notch is disengaged from the bevel gear I'im. Th(‘ control lever 
cannot be mo veil urdess the engine is fully reversed either way. 

Nelseco Four-cycle Marine Diesel Valves and Valve Gear.— 
Figure 188 is a cross-section of one of the small Nelseco marine 
Diesels. The admission valve is provided with a cage, and the 
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Fig. 190.—Valve gear of largo Nolsoco etjgine. 

levers by the starboard camshaft while the exhaust camshaft is 
on port side. The two camshafts are driven by a 2 to 1 reduction 
gear from the engine shaft. 
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Reversing Gear. —The majority of these Diesels are equipped 
with a gear for reversing, though some have a direct reverse 
arrangement shown diagrammatically in Fig. 189. The cam- 
sh.afts, of which there are three, have spiral keyways cut in them. 
Each shaft has a collar with a spiral key which is shifted by a 



Fio. 190^. Nelseco exhaust Fio. 190B.—Camshaft Rear train, 

valve. 


pneumatic reversing cylinder. A movement of the rocker A 
throws the collars to one side, thus turning the camshafts through 
an angle that will set the valve cams correct for reverse running. 
Due to the varying angle through which the three sets of cams 
must move, the spiral keyways do not have the same pitch, thus 
securing proper shifting of the cams. 

The larger Nelseco Diesels have a valve gearing somewhat 
different from Fig. 188. The valve gearing of the 600 hp. 
stationary engine is shown in Fig. 190. It will be noticed that 
the valve rockers are driven by a cam shaft which runs alongside 
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of the engine, close to the cylinder heads. A reachrod, not 
shown, runs from one rocker arm aero.ss the eylinder head and is 
connected to the exhaust valve arm. This design eliminates 
the long rocker arms used on (he smaller engines as well as 
reduces the number of lay.shafts. The camshaft is driven from 
the crankshaft through a train of gears. Fig. 190/1. 

Valve Cages.—As would appear from the foregoing discu.ssion, 
all the manufacturers us(! cages on the admission valves while 
the practice is not universal as regards the exhaust valves. 
There can be no doubt that the cag(‘ design is superior and is of 
advantage to the oi)erator. When a valve seat h'aks, a spare 
valve and cage can be used to replace th(! defective parts. No 
matter how thrifty the operator must be as to the capital invested 
in replacement parts, it is tlu: height of economy to carry one 
extra exhaust valve with their cages. 

Water-cooled Cages and Valves. Due to the severe temi)cra- 
tures of the exhaust gases as th(^y pass through the exhaust valve 
cage, water cooling of the valve stem housing is well-nigh impera¬ 
tive in engines above 12-in. eylinder bore. All manufacturers 
provide for this stem cooling even though a valve cage is not 
included in the valve dc.sign. It is clear that the circulation 
of water must be positive if the sticking of the stem is to be 
avoided. Where the water carries any considerable percentage of 
mineral salts, there is a decided tendency toward the .scaling-up 
of the cooling space, which is, at best, of small volume. Con¬ 
sequently, each time the exhaust cage is removed the water- 
cooling cavity should be filled with a 10 per cent muriatic acid 
solution and afterward thoroughly Hushed out with a stream of 
water under at least 20 lb. pre.ssurc. Since the engine has 
already extracted the available portion of the heat of the gases, 
there is no loss occasioned by a cool valve cage; the cage-cooling- 
water discharge should be kept below 120 deg. F. as a low tem¬ 
perature improves the valve action. Even at this temperature 
of the discharge the valve stem is actually much hotter, and the 
lubrieating oil often forms a gumming deposit that makes the 
valve motion erratic. A little kerosene should Ire injected along 
the stem after each shut-down. 

Water-cooled Valves.—On some of the larger engines water¬ 
cooling of valves, especially the exhaust valve, is essential to the 
successful functioning of the valve. The water is customarily 
introduced at the side of the stem and flows down into the body, 
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where it erit(!rs a c(!ntral tube which carrie.s it to a connection at 
the (uul of the valve stem. With both water-cooled valve.s and 
water-cooled cages the water must be circulated before the engine 
starts firing. If this matter is deferred until the engine has 
warmed up, the sudden chilling of the parts by the cold water will 
invariably produce a fracture. 

Pitting and Corrosion of Valve Seats.—Leaky exhaust valves 
may be duo to any of the following cau.ses: Cutting effect of the 
highly heated gases i)assing at high velocity between valve and 
.seat; carbon or dirt from the fuel becoming caught between valve 
and seat and hammered into the metal; corrosive effect of acid 
in the fuel; warping of valve disk, causing uneven seating; valve 
stem striking in guide, preventing the valve from seating firndy. 

Cleaning Valves.—Every throe months each valve and cage 
should be removed for inspection and cleaning. A regular sched¬ 
ule can be followed whereby the valves of one cylinder are 
removed every three weeks; in a four-cylinder engine this gives 
a three week inspection, while in a three-cylinder engine an 
inspection every three months is secured. When the engine is a 
single- or double-cylinder unit, the schedule should be arranged so 
that the tri-monthly examination is obtained. At those inspec¬ 
tions the valve and cage should be completely disassembled and 
thoroughly cleaned with kcrosem', washing off with gasolene. 
If a valve and cage is kept on hand, the old one can be cleaned 
at leisure. This spare set is very cs.sential where an engine 
operates almost continuously. The time! recpiired for removal 
and replacement of cage and valve should not exceed 30 min. 
when the engine-room forex' is well organized. 

Grinding Valves.—If the valve seat becomes rough, allowing 
the compression to escape, it must be reground. Where the 
valve seats in a cage the unit is disassembled. The valve and 
dashpot or spring cap, as it is more popularly termed, is replaced 
in the cage; with a light spring resting between the valve body and 
the stem hou.sing, along the lines of Fig. 19IA. The cage is 
inverted, placed on some form of support, and the valve pin 
wrench is then set in position. The spring raises the valve off the 
cage until a slight downward pressure is exerted by the man 
doing the regrinding. A mixture of emery flour and oil or emery 
flour and vaseline shotild be coated over the valve face and the 
valve rotated back and forth. The valve should, in no case, 
be completely revolved; the rotation or movement should cover 
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a trifle mon^ than a quarter circle. After rotatiiif? a few minutes, 
the valve should l)e moved another 90 dc)?. and the rotation 
renewed. Thi.s grinds every portion of the valve face to conform 
to the entire seat of the ca(?e. As th(‘ operator grinds lh(> valve, 
he should relea.se the downward pressure on the valve, allowing 
it to rise from (he seat. This.serves to distrihute the emery paste 



over the entire face. If thi.s i.s not observed, the paste forms at 
the edges only, causing the valve seat to be ground concave. 

The operator need not secure a ground seat over the entire 
valve face. A narrow contact lia-in. wide is ample; in fact, a 
line contact of b:) 2 -in. width is as serviceable a gas seal as is a 
wider space. After the seat is sufficiently ground, tin; emery 
paste can be removed. The valve should then be rotated without 
any paste between the two surfaces; this metal to metal grinding 
or rubbing will make the an'a of contact as smooth as a mirror 
and prolongs the tightness of the valve. 

When the valve becomes so pitted or grooved that grinding 
will not be of anj' avail, the cage and valve faces must have 
a light cut taken off their surfaces. The valve can bo cemtered 
in a lathe and a finishing tool used, making the cut as light as 
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possible. Exhaust valves in the small sizes are made of alloy 
steel, but for the larger sizes it is becoming more and more 
customary to make the valve of cast iron, with chilled surfaces, 
and fit it on a steel stem. In such cases recourse is had to the 
grinding wheel, as the metal is too hard to be cut by a lathe tool 
or reamer. 

'J’o i-efaee the cage a refacing machine, similar to a rose reamer, 
is necessary. This reamer must have a stem resting iti the 
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valve-stem housing to hold the reamer square with the valve 
stem. Most manufacturers arc in a position to supply this 
machine, although any machine shop can build one like the 
sketch in Eig. 191. The cutting head should bo of tool steel 
while the stem can be either of tool steel or machine ste(d. The 
latter is pn'forabk: since th(‘ cutting head can be hardened and the 
machitie-stcel stem turned to bring the cutter concentric. 

Few plants possess any stand to hold the cage other than a 
wooden box. The box is a poor accessory since itisalmostinipos- 
sible to scat the irregular-formed cage on it with any feeling of 
security. A wooden grinding stand, similar to Fig. 192 can be 
made during odd hours and certainly repays all labor spent on it. 
The opening in the top should conform to the shape of the cage 
while the two stud-bolts should fit into the regular stud-bolt 
holes in the cage. With such an apparatus an engineer can sit 
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down while griiuling, thus lessening as much as possible the 
labor involved in this operation. 

A valve grinding arrangement shown in Fig. 1911 is used in 
some of the stations of Sinclair Pipe Line ('o. The stand is made 
out of 1-in. pipe and fittings. Two short nipples are screwed 
into tecs at the top of the stands and these nipples engage the 
bolt holes of the valve cage. A short lever is clamped to the 



end of the valve stem by lock-nuts and a long link hooks into 
the end of this lever and has its other end fastened to tin; plunger 
guide of the reeii)roeating pump. In this way a rotating motion 
is given the valve and the engini'cr occasionally lifts the valve 
by means of the lever shown at the bottom of the stand. 

On new engines it will nearly always bo found that both the 
exhaust and air-inlet valves will take a permaiumt set afterashort 
time in use and must be taken out for regrinding, after which 
they are less liable to deformation. In the case where exhaust 
and air-inlet valves are duplicates, it is advisable after a few 
weeks running to interchange them. This is known as ".season¬ 
ing” the valves. In some engines, especially the larger sizes, 
the blow-torch action of the find spray causes the exhaust-valve 
disk to become much hotter on the side adjacent to the fuel-injec¬ 
tion valve. This uneven heating may cau.se serious warping of 
the valve. If the valve con.struction is such that the valve can 
be rotated by means of a wrench on the upper part of the stem 
while the engine is running, the operating routine should call for 
giving the valves a turn at least once every hour. This will tend 
to prevent permanent warping, due to the uneven heating. 
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Sticking of the exhaust-valve stem in its guide may be caused 
by too much clearance permitting gummy oil and carbon to 
work up between stem and guide, as in the case of the spray valve. 
This action is accelerated when very heavy fuel oil is being used, 
by the fact that the heavy, unburned residue that may be carried 
in the exhaust gases in a finely divided state strikes against the 
cxhau.st-valvc stem and sticks. This action occurs when the 
valve is pushed downward to the open position, thus exposing a 
part of the stem that travels up into the guide when the valve 
closes. 

When a valve is removed for overhaul, the stem should be 
carefully cleaned, as described in the ca.se of the spray valve. 
Hoth the valve and its scat should be examined for fine heat 
cracks that may develop into leak paths. It is good practice to 
run kerosene through the valve-stem lubricator occasionally 
while the engine is in operation. This tends to clean out gummy 
oil that may collect in the guide. 

The treatment of air-inlet valves should be the same as for 
the exhaust valves, but it will bo found that they will not rcciuire 
regrinding as often. Due to the cold air passing through the 
inlet valve during the suction stroke, it never gets as hot as the 
exhaust valve, and it has none of the dirt and unburned oil in 
the exhaust gases to handle. 

Valve Timing.—In timing valves the first step is the establish¬ 
ment on the flywheel of the points of dead-center of the cranks. 
The simplest method of marking the dead-centers is to use a 
steel trammel having both ends pointed. A steel block, with a 
counter punch mark on the surface, can bo inset into the founda¬ 
tion, being held by lead or cement grouting. Fig. 194. To 
establish her flywheel position, when the crank is on upper dead- 
center, one of the valve cages can be removed and the distance 
from the surface of the cylinder head to the piston, when the 
piston is approximatidy at upper dead-centei', can bo measured 
and a trammel mark made on the flywheel rim. The wheel is 
then turned on over past dead-center until the piston is again 
the same distance from the cylinder head. A second mark is 
placed on the flywheel rim; the bisection of the distance between 
the two trammel marks gives the exact dead-center for the piston 
in question. A second but not so exact a method is the use of 
a spirit level on the crank throws; this, of course, is impossible 
if the throws are not machined accurately on all four sides. The 
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center mark should be placed on the flywheel rim and stamped 
with the cylinder number, as example 2TC, indicatiiiK top dead- 
center of No. 2 cylinder. The same procedure is followed on all 
the cylinder.s for both top and bottom dead-centers. Tho.se 
center positions being determined, the next step is the cheeking 
of the exhaust valves. The engine should be turned over until 
the piston of the cylinder in question is about .')() deg. from 
bottom dead-center. A steel tape line can be used to measure 



Fin. 104.—I.ofating crank centers. 


the distance on the flywheel rim from the bottom dead-center lino 
to the point of correct exhaust-valve opening. Since the timing 
given is in degrees, the value must be transformed into inches on 
the flywheel circle. Presuming the wheel is 8 ft. in diameter, the 
circumference being 302 in., each degree represents, very closely, 
ftc-in. If the proper opening of the exhaust is 42 deg. ahead of 
bottom dead-center, a distance of S.") in. is .set off ah(‘ad of the 
dead-center mark. This is spotted and stamped K20; that is, 
exhaust opening for No. 2 cylinder. The flywheel should then 
be turned slowly until the trammel cuts this 1020 mark. The 
exhaust cam rocker should be firndy in contact both with the 
cam and with the valve stem. To be doubly certain, the adjust¬ 
ing screw on the rocker should be backed off and brought up 
again until the operator can feel the resistance of th(^ valve spring 
against the screw. In case, while revolving the wheel, the mark 
E20 is pa,s.sed, the valve should not be checked by bringing the 
wheel back to the mark. Instead, the wheel should be brought 
back past the mark at least 12 in. and then again turned until 
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the trammel cuts the mark. This removes all effect of any back 
lash that might exist in the cam gears. The same process is 
followed in checking the exhaust closing position. After this is 
accomplished, the exhaust valve settings of the other cylinders 
are checked, the flywheel being properly marked for each position. 
The admission valves should next be gone over in proper 
sequence, and all points should be indicated on the wheel for 
future reference. 

In event any of the valves fail to check up correctly, the oper¬ 
ator is confronted with the question as to the method of changing 
the setting. If the discrepancy is only a few inches, the clearance 
between the cam and the valve rocker can bo changed, bringing 
the setting back to the stated values. If the valve opens vastly 
early, or late, the only recourse is the shifting of the cams by 
the use of an off.set key. This condition is encountered in old 
engines only. In these engines quite often the entire valve lay¬ 
out is timwl late. This is attributabh? to t he wear in the cam 
gear teeth and can be partially corrected by advancing the cam 
gear one or two teeth. 

The average operator, until he is very familiar with engine 
timing, does well to time the exhaust and admission valves of 
one cylinder before proceeding to any of the valves of the other 
cylinders. There is, in this way, little danger of becoming 
confused as to the proper stroke upon which the valve should 
function. The trained operator customarily checks the valves 
as they come in sequence. For example, the exhaust opening 
of one cylinder will bo set, then the admission closing of a second 
cylinder will be checked. This reduces the time occupied in 
going over the valves by at least 75 per cent. The chocking 
and setting of the fuel valves will bo taken up in the chapter on 
fuel valves. 

It is possible to place a dial upon the end of the cam shaft as 
shown in Fig. 215. Many builders of marine Diesels fit a similar 
dial before the engine leaves the factory. 

Leaky Valves. —A leaky admission valve is readily detected 
by placing one’s car close to the intake nipple or screen. If 
the leak is from a scored seat, a whistling noise will be heard; 
this whistling increases in volume as the scoring becomes more 
pronounced. 

A leaky exhaust valve is more difficult to detect. The best 
method is to place the engine in that position where both the 
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admission and exhaust valves arc closed; that is, at the beginning 
of the power stroke. The injection air, lino valve should be 
“cracked,” allowing a small amount of air to blow into the cylin¬ 
der through the fuel-injection valve. If the exhaust leaks, the 
air can be heard flowing through the valve. This same pro¬ 
cedure will also locate admission-valve leaks. While the engine 
is running, a smoky exhaust and a decrease in power arc oft(.“n 
duo to a leaky cxhau.st valve. 
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FUEL INJECTION VALVES 

Types. Action. Adjustment. Repairs 

Injection Design of the Original Diesel Engine. —Dr. Die.scl 
in his first patent application, made no mention of any mei^hanism 
for the forcihle injection of the fuel. The fuel contemplated 
was coal dust, and thi.s was to be deposited in a pocket of the 
rotary valve V, which, in revolving, dropped the charge into the 




Fia. 195. —Fuel feeding, arrangement. Fio. 190. Fuel valve, closed type. 

' Dr. Die.sor8 original patent. 

cylinder. A schematic outline of this fuel-conveying apparatus 
is shown in Fig. 195. 

This design was never followed in an actual engine since it was 
early seen that it would not deliver the fuel charge proiicrly. 
Furthermore, the plan of using coal dust was abandoned in favor 
of oil. Dr. Diesel in conjunction with the M. A. N. Co. of 
Germany, adopted the idea of employing a blast of air to break 
up the oil charge and deliver it into the cylinder. 

Injection Action. —For the benefit of those unacquainted with 
the functioning of the fuel-injection valve the following brief 
explanation i.s given. The charge of fuel oil is pumped into a 
receptacle called the fuel valve by some form of pump. An 
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air compressor drlivei-s a charge of pure air at about 900 lb. gage 
to this injection device. At the proper moment in the engine’s 
cycle the needle valve of the injection device, or fuel valve, i,s 
opened, connecting the cylinder with the fuel .supply. The 
high-pressure air then rushes into the cylinder, carrying the oil 
charge with it. This fuel, as it is forced through a device called 
the atomizer, which is located in the valve housing or cage, is 
broken up into fine fog-like particles that will ignite when inter¬ 
mingled with the cylinder charge of air, which is at a high tem¬ 
perature. Figure 196 shows such an elementary form of fuel 
valve where D is the valve stem; A, the oil line; C, the air line; /I, 
the atomizer; and E, the opening into the cylinder. 

It is evident that the fuel valve has two main functions. 
First, it must allow the oil charge to be introduced into the engine 
cylinder or combustion chamber at the proper time. Second, 
it atomizes or bre.aks up the stream of oil in such a thorough 
manner as to occasion ignition. The cylinder temperature is 
high; the value corresponding to ,550 lb. compn'ssion pressure 
should be at least 1,000 deg. F., when the engine is cold; after 
warming up, the teniperaturo would be well above 1,400 deg. F. 
If the oil charge was injected in a .solid mass into this highly 
heated air, the oil would vaporize and burn but a very slow rate. 
'I'he air would not be thoroughly mixed with the oil, and the com¬ 
bustion would occur only on the surface of the oil mass, in exactly 
the same manner as a pool of oil burns when ignited. 4'he objec¬ 
tion to this latter method lies in the slow rate of combustion and 
in the loss of fuel which escapes as unburned gas vapors. If the 
oil charge is separated into many minute particles, more surface 
area is presentc'd to the air. If this od separation process is to lx; 
successful, the fuel valve must be provided with some means 
whereby the oil is broken into particles and mixed with the 
injection air before tbe oil enters the engine cylinder. 

If the oil .spray w.as to be finely divided and pumped into the, 
cylinder without the air injection the (uiei-gy of the oil particles 
would not lx; enough to enable the oil drops to penetrate tlu^ air 
mass. The injection air supplies this energy. 

The idea of using a charge of high-pressure air was taken up in 
the first experimental Diesels and has been retained on all 
“true Diesels” to the present day. The air charge in the fuel 
or spray valve, being at a pressure 300 or 400 lb., higher than 
the cylinder pressure, provides an excellent means of forcing 
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the oil throtigli the valve passages into the eylindcr as soon as 
the needle valve opens. The cxpan.sive power of the air as it 
drops in prn.ssnre from 900 to .500 lb. on entering the cylinder 
increases in volume and tears the oil into minute particles. A 
well-designed valve will break up the oil so finely that, if the 
engineer holds his hand in front of the fuel nozzle, the oil will not 
even wet the hand but will float as a mist. 

By reason of the chilling effect of the air in expanding through 
the valve from its high pressure to the existing cylinder pressure, 
a drop of 50 to 100 dog. may bo expc'rienced by the cylinder air 
charge. This necessitates a slightly higher compression pressure 
and temperature than is required by the “solid-injection” oil 
engine discussed in later chapters. The chilling effect is of con.se- 
quence only at the moment the needle valve opens and starts the 
flow of air and oil. After the oil ignites, any further chilling is of 
little importance, for the cylinder temperature upon ignition of 
the oil immediately rises to from 2,000 to 2,700 deg. F., and the 
chilling effect of the air injection is of little detriment. It is 
evident then, that the elimination of chilling when the spray valve 
opens is desirable. This may be and is generally accomplished 
by so designing the valve that a small amount of oil enters the 
cylinder ahead of the air. This oil upon ignition raises the 
cylinder temperature high enough to avoid any bad effect of 
the air chilling. At the same time the amount of oil so entering 
must be small, for not being as finely broken up as the balance it 
would, if of any great atnount, causes soot or carbon deposits. 

If the oil is hurled into the cylinder in a ma.s.s, its combustion, 
even though imperfect, would cause the pressure to rise to an 
abnormal value. The Diesel engine is presumed to burn the oil 
at constant pressure, at or but slightly higher than that of com¬ 
pression. To accompli.sh this the oil must be introduced at 
a comparatively slow rate. The two main offices the valve 
performs arc that of “braking,” or offering a resistance to the 
oil flow, and that of thoroughly atomizing the charge. The 
latter would not be difficult of achievement if there were no other 
considerations entering into the problem. The same conditions 
prevail as to the “braking” action. If this “braking” effect is 
obtained by the imposition of a series of improperly designed 
baffle plates or disks, the air pressure required to force the oil 
through these resistances may become so great as to make the 
method impractical. The desirable fuel valve is one that 
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thoroughly atomizes the fu('l and exercises a control, or a 
“braking” action, over the fuel charge without any great loss of 
air pressure through the valve. 

1 he design of the orifice between the needle valve and cylinder 
has a decided influence upon the conbustion within the cylinder. 
1 lie combustion space in all Die.sel I'ngines is limited in volume 
since the compression ratio is large. If this volume (about ' j.r, of 
the stroke volume) be in thi' shape of a cylind<‘r betweem a flat 
pi.ston top and a flat cylinder head, it is difficult for t he oil to mix 
with the entire air charge. Inst('ad, without proper nozzle 
design, the oil will be localized in the central portion above the 
center of the piston crown. The oil will be imperfectly burned 
due to the lindted amount of air in contact with the oil spray. 
Carbon deposits will app(‘ar on the center of the piston head and 
lead to overheating and fracture of the piston head unle.ss the 
piston cooling be good. If the oil is introduced along the axis 
of the cylinder lit'ad, as is the usual custom, it must be spnaul by 
some means. In view of the short length of th(^ cond)ustion 
spaci^ of a flat-headed engine fhe engineer will perceive that this 
sirreading is by no means easily accomplishe<l. It would, on 
first thought, .seem that a series of outlets would distributi^ the 
oil better than a central orific(', but results of the two difTcrent 
types of oiK'nings appai’cntly differ but little. It has been 
found on certain engines that the u.s(^ of a multi-holed orifice or 
flame |)late has improved conditions. With a flaring central 
orifice the oil seems to spread about as well in most cases. 

Classes of Atomizers or Fuel Valves.—The many fuel valve,s 
employed on the various makes of Diesel engines fall into two 
classes- the closed-nozzle and the open-nozzle valves. The 
former is the one adopted on the pioneer Diesels and is found 
on all vertical engines of the pre.sent day; in fact, this is necessary 
for structural reasons. The open nozzle, known in Durope as 
the Lietzenmayer nozzle, is largely used on the horizontal engines, 
both of the domestic and foreigti manufacture. 

Open-nozzle Fuel Valve.—In the di-sign of this nozzle, or fuel 
valve, the needle valve controls the flow of air to the atomizer 
tip, this needle valve being opened at the projier time by a cam- 
actuated rocker. Between the valve and the cylinder is inter¬ 
posed a small cavity, or enlargement of the passage to the cylinder; 
into this cavity is deposited the fuel charge. Since the fuel 
is pumped during the suction or exhaust stroke of the piston, 

13 
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the fuel pump works against only a few pounds pipe-resistance 
pressure. This enables the governor to be very sensitive in 
action since the reaction of the pump is at a minimum. At the 
properjime the needle valve is opened and the air from the 
compressor, as it sweeps along the passage to the cylinder, picks 
up the oil charge and carries it into the cylinder. The swirling 
of the air serves to break up the mass of the fuel; this 
is further increased by perforated disks or other devices at 

the nozzle tip. Figure 197 out¬ 
lines this class of injection valve. 
It would appear that the dura¬ 
tion of the fuel injection would 
be in exact ratio to the amount 
of oil deposited in the atomizer 
and that the first particles of oil 
entering the cylinder should be 
as completely nebulized as are 
the last few oil droplets. In 
actual practice the air, when it 
strikes the fuel charge, produces 
slugs of oil that enter the cylin¬ 
der in an unatomized condition. 
Whore perforated disks intercept the slugs, as in some designs, the 
entire charge is satisfactorily broken up. The only re.al objection 
the operator can well offer is the rapid carbonization of tlu! fuel 
pa.ssage and atomizer disks; this can bo attributed to the ab,sorp¬ 
tion of heat from the combustion chamber since the tempera¬ 
ture in the nozzle tip fairly approaches that existing in the 
cylinder on the compression stroke. This necessitates a more 
frequent cleaning of the atomizer than is required by a closed type 
of nozzle. 

The open-type valve is of advantage where dirty oil is burned. 
Since nothing but pure air passes the needle valve, the scoring 
of the valve seat, so prevalent with the closed-nozzle fuel valve, 
is entirely absent, (consequently, the air valve requires leas 
than half as much regrinding aa does the closed-type needle valve. 

Closed-nozzle Fuel Valve.— The earlier Diesels employed the 
closed nozzle, and it was exclusively used on all Diesels until 
ten or so years ago. Figure 196 outlines the basic principle of 
this type of nozzle. Ihe fuel valve has a body in which a cavity 
is formed, enclosing the atomization device. The fuel needle 



Fio. 197.—Open nozzle fuel valve, 
clonuMitary form. 




FUEL INJECTION VALVES 


275 


valve is seated below this device and is actuated by a cam- 
controllcd lever. The interior of the fuel valve is in connection 
with the air line through the passage and is at all times under 
an air pressure of 900 lb. per square inch or mon;. The fuel 
pump forces the oil charge through the line A, tlie oil settling 
around the valve stem at E above the valve .seat. When the 
needle valve opens, the compres.sion pressure of the engine is 
around .500-5,50 lb., while the air pressure in (he valv(' l)ody is 
about 900 lb. This pressure difference results in a rapid flow of 
the air into the cylinder. The air charge forces the oil along with 
it, and, in passing through the tortuous passages of the atomizer 
disks, the oil is completely nebulized. 

This form of fuel valve has the advantage of depositing the 
oil in a receptacle entirely isolated from the inlluenee of the hot 
compressed air in the cylinder. Kurthermore ])art of the oil, 
being immediately around the valve (ip, enters (he cylinder 
ahead of the air and ignites, even though it is not thoroughly 
atomized. This primary ignition provides a Hame to fire the 
remainder of the oil, which enters (he cylinder at a somewhat 
low temperature due to the expansion of the air charge at tln^ 
valve tij). Unfortunately, with many closed-nozzle designs, an 
entirely too great a i)ercenlage of (he fuel enters the cylinder 
ahead of the air; in some it appears that all the oil is forced 
ahead of the air. If tln^ disks are de,signed with perforations of 
small diameter to enable the air to mix with the oil, the “braking” 
or re.sistancc of the atomizer is increa.sed since the disks arc 
entirely filled with oil at full load. This (xanpels the employ¬ 
ment of a higher injection pre.ssure, or the time interval of fuel 
injection is prolonged. On low loads, with small perforations, 
the fuel charge is of small weight and docs not flow down around 
the valve seat. The consequence is that the first part of the 
injection con.sists of air only, which, in expanding, chills the nozzle 
tip and housing. This delays the combustion, producing a 
smoky exhaust. 

Hardly any two Diesel manufacturers follow the same design 
in the fuel valve, although there is some degree of similarity in 
a few designs, especially of the open-nozzle type. 

American Diesel Co.—One of the pioneer fuel valves was that 
of the American Diesel engine. This injection device was con¬ 
tained in a cast-iron housing, which was bolted to the side of 
the cylinder head, as shown in Fig. 198. 
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Th« iK'edlc! valve is opened by the bracket lever shown, which, 
in turn, receives its motion from a reach-rod and cam, the latter 
being mounted on the engine camshaft. The closure of the 
needle valve is accomplished, as is the universal practice, by a 
spring, which has been compressed by the opening of the valve. 



The housing of the fuel valve carries the needle valve, which is 
surrounded by the atomizer body. This atomizer is similar to 
Fig. 199. The fuel enters the fuel-valve housing or cage through 
the passage A and flows along tin; i'(‘cess bet,ween tin' at,omiz('r and 



Fio. 199.—Ono design of American Die.scI atomizer. 


the valve body until it reaches the front or valve end of the 
atomizer. The recess is enlarged, at this point, to include the 
entire circumference of the atomizer. From this recess or ring a 
series of minute passages lead to the needle valve immediately 
above the valve seat. The injection air enters the housing at D 
and flows around the atomizer, behind the oil; it also fills the 
space about the needle valve stem. When the valve C opens, 
the flow of air around the stem results in a drop in pressure from 
the back of the valve toward the valve tip. The air pressure 
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behind the oil eliarKe, on neconnt of the lai'Roi- voinmo, remains 
prnctieally eonsfanl and at a In'Klier value than the pressure 
around the valve seat. This pressure differi'uee forces the oil 
through the small |)ort.s E into the .stream of high-veloeily air 
rushing through the ncedle-valv(' opening. The air thoroughly 
separates the oil into minute partiele.s; this breaking-up proce.ss 
is further intensified by the flow of the oil and air through the 
openings in the nozzle-tip plate F between the valve seat and 



the cylinder. The ilisadvanlag(! of the valve lies in the chilling 
effect of I.Ik; air charge. 'I'hc design allows a considerabh: part 
of the air to enter the (cylinder ahead of the oil; since there is no 
resistance from an <jil bo<ly present, this air attains a high velocity 
and, in expanding, lowers the teniperature of the nozzle tip as 
well as exerts a similar effect upon the air which lias been com¬ 
pressed in the cylinder. 

The fuel valve is equipped with a by-pass valve of the screw- 
noodle type; this valve is for the purpose of draining the valve 
cage of any oil. In stopping the engine, the by-pass valve is 
opened and the oil flows through the valve back to the storage 
tank. The lack of fuel then causes the engine to stop. In .start¬ 
ing the engine, the fuel pump is operated, by a hand crank, 
until oil appears at the by-pass overflow, indicating the fuel line 
is free from air. The by-pass valve is then closed. 

Tuning of Fuel Valve.—I’hc fuel valve of the American Diesel 
engine should be timed as outlined in Fig. 150A. The fuel-valve 
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cam has an adjustable tool-steel nose, the position of which 
can be varied to secure proper valve opening. 

'I'o s(!t the fuel-cam nose in its correct position, the crank of 
the cylinder in question is placed on upper dead center. If the 
cam nose has straight sides, a.s in the sketch at the right. Fig. 200, 
the, nose is shifted until a thickness gage placed in line with the 
mark on the nose touches the cam. The thickness of the gage 
for the several engine sizes arc shown. 

'J’he carli('st engines had a cam with a curved nose. To .set this 
propi'i'ly a template is cut out of sheet iron and a mark made on 
the template in line with the mark on the nose. A spare cam 
roller is placed on th(^ template with its center on the gage line 
and the roller outline scribed on the template. After cutting 
the roller pattern out, the template is set between the roller on 
the rocker arm and the fuel cam no.se on the engine. The nose 
is shifted until the template fits both roller and nose. This is 
the correct |)o.sition of the nose when the crank is on upper dead- 
center. 

Adjustment and Repair. By-pass Valve.—d'hc Americ'an 
Diesels in service have been operating a numlx^r of years, and 
consequently fre(iuent repairs are to be expected. One defect 
that will early develop is the leaking of the by-pa.s.s valve. The 
valve is of the needle type, and the corrosion of the point allows 
oil to seep at all times. This can be eliminated by redressing the 
point of the valve, followed by a regrinding. 

Needle Valve.—The needle valve has a rounded end which 
seats on a bevel surface of the atomizer shell. To regrind the 
valve, the end should be rounded and all rough spots removed. 
The valve can then bo inserted into the atomizer, being coated 
with extra-fine emery paste and ground to a proper contact 
with the seat. Bronze needles are often used in order to avoid 
the corrosion that occurs when an oil having much sulphur is 
used along with a steel stem. Since the bronze stems arc rather 
expensive many plants u.sc a cold-rolled steel valve stem with 
the lower part of bronze screwed into the steel stem. 

Valve Stem Stuffing-box.—The gland of the valve stem 
stuffing-box is rather weak, while the stuffing-box is very shallow. 
The air will blow out along the stem, and in tightening the gland 
stud-nuts the ears of the gland will invariably bend. If the 
stuffing-box were deeper, enough packing could be inserted to 
withstand the air pressure. The only available remedy is the 
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substitution of hoavior glands, onabling moro pressure to be 
exerted on the nuts. Tlie parking used is vulcaid)est()s and 
wears away rapidly. In renewing the i)a('king, the rings .should 
be soaked in oil for at least twenty-four hours. When in u.se, the 
valve stem must be lubricated fre<piently to maintain the packing 



Fit; 201 —Fuel valve arrangoraont Buach-Sulzor Typo B Diesel. 


in a pliable condition. The fuel-valve di.sk, which lies between 
the valve seat and the cylinder, carbonizes very h('avily when a 
low-gravity fuel is burned. .4 lye solution will loosen this 
deposit. 

Busch-Sulzer Type B Diesel. —The fuel valve of this Diesel, 
with its rocker mechanism, appears in Fig. 201, whih; Fig. 202 
gives a view of the lower part of the same valve. The valve con¬ 
sists of a cast-iron body with an extension which carries the 
spring, a needle valve and an atomization device, The body or 
cage rests in a bushing, which is pres.sed into the cylinder head, 
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and is held by two studs. The needle valve a is enclosed along 
the lower part, which is in the cage, by a bushing or barrel b. 
This bushing rests, at its base, on the atomizer cone and is 
prevented from lifting by a coil spring at the top. As is seen in 
big. 202 there is a space, between this bushing and the cage wall, 
which serves as the air and fuel cavity. The fuel charge flows 
down the passage A and enters the fuel cavity above the atomizer 
disks. The disks arc several plates containing small perforations 
atid arc so placed as to stagger those 
holes. The oil, by its own weight, is 
forced to pass through these openings 
and fills the intricacies between the 
* plates as well as the space around the 
needle-valve seat. The air enters 
the cavity d above the oil level. 
When the needle valve is opened by 
the valve rocker, the air, which is at 
a pressure much higher than that 
existing in the engine cylinder, forces 
the oil charge into the combustion 
space. ' The oil, as it is broken up, 
passes from disk to disk, and is mixed 
Fio. 202.—Dusoh-Suizor Typo with the air which is flowing toward 
n fuel valve. gyijjj,'pjjg omulsion is further 

increased as the air and oil issues 
through the single small opening in the atomizer tip /. This 
continues as long as the needle valve is open; this valve is closed 
at the proper time by the fuel cam, and the small amount of 
fuel still left in the atomizer flows down around the needle-valve 
.scat. This insures a small charge of oil which will enter the 
cylinder at the next valve opening ahc'ad of the air and produce 
ignition. With the u.sual fuel oil the fuel charge is able to pass 
through the disksumfiirtheintluenceofitsown weight. When the 
valv(! ofMuis, th(^ oil is forc(‘d into the cylinder in front of the air. 
Since this oil is fairly light, it ignites even though poorly broken 
up. A heavy oil behaves quite differently. Its viscosity is 
such that the fuel does not readily flow through the disks but 
rests above them. The air must force the oil through the 
atomizer and, in so doing, thoroughly nebulize the charge. This 
type, then, has the advantage of offering a mixing and atomizing 
effect in inverse ratio to the gravity of the fuel; the actual 
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dpxicc of combustion in the cylinder is fairly constant, regardless 
of the nature of the oil. 

Adjustments—Fuel Passage. -The fuel |)a,ssage in the body of 
the valve cage is equipped with an aluminum rod which stands 
vertically; the rod moves with the vibration of the engine, 
thereby keeping the fuel line free from .stoppage due to dirty or 
thick oil. Kven with this precaution, the fuel line does collect 
dirt and shmild be flushed out with kerosene on the occasion of 
removal of the valve and cage. 

Nozzle Tip and Disks.—The fuel cage tip has a single central 
perforation which gradually fills up with tarry deposits, as do 
also the atomizer rings or disks. These can be cleaned with 
k(‘ros('no or lye watc'r. 

Needle Valve. -The needle valves is of steel .'111(1 will corroch! 
when the fuel oil contains any acid or sidphur. If the corrosion 
is slight, tti(( valve shoidd b(( polished with enery paste and, if 
po.ssible, burnished with a cloth buffing wheel. 'I'lie buffing 
of the sfem seems to retard the rafe of corrosion. 'I’he valve; 
seat is at an angle of dO deg. with the axis of the manlh; valve. 
This angle, which gives an angle of 111) d(;g. to the valve end, is 
such that there is a wedging action each time the valve seats. 
This serves to seal the valve effecfually but cau.ses scores on the 
bearing surface in event any grit has settled on the vidve. 

Stuffing-box. The stuffing-box has a screw gland and is best 
packed with lead or babbitt shavings or strings. This packing 
conforms to the valve .sufficiently to prevent the loss of air and 
does not become hard as does all-compo.sition packing. 

Valve Spring.—The valve spring is of a length that allow.s the 
needle valv(; to be (((ground before the initial compression of the 
spring is lost. .-\n iron washer placed above the spring will give 
the effect of a lengthened stem. However, the valve cannot bo 
used after it is worn short enough to cau.se the spring plunger g 
to drop below its housing. 

Fuel Line Check Valve. -The fuel line has a ball check valve 
immediately at the valvn; cage. This ball, in time, wears, allow¬ 
ing the high-pressure air to back through the oil line to the pump. 
This causes the line to b('come air bound. 

Fuel Valve Rocker Ann.- -The rocker arm is of two-piece con¬ 
struction and fulcrums on an eccentric bushing, which carries 
the air-starting rocker. The valve end of the rocker has an 
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adjusliiig Hcrcw that can be manipulated to provide the recpiired 
clearance between the roller and the fuel cam. 

Fuel Cam. —The fuel cam is fitted with an adjustable .steel 
no.se. The nose is .slotted and is held by two countersunk screws. 
This allows a considerable shifting of the nose. After the nose 
is set in position, it is locked by end shims. These shims arc 
best made of wrought iron and should be hammered until the 
entire recess is filled; the surface .should then be smoothed with 
a file to conform to the curvature of the cam. 

Eccentric Rocker Bushing. —As has been mentioned, the fuel 
rocker arm is fulcrumed on an eccentric bushing, which also 
carries the starting rocker. On a four-cylinder engine the two 
inside cylinders are fitted with .starting valves. When the 
engine is to bo started, the eccentric lever o of the.se two cylinders 
is thrown into the starting position. Fig. 1,59. This revolves the 
eccentric bushing until the fuel rocker fails to engage its cam while 
the starting rocker comes into contact with its cam. The levers 
of the ouiside cylinders (1 and 4) are set to “neutral,” which 
disengages the fuel rocker and cam. As soon as the air-line valve 
is opened, the two starting cylinders turn the engine over. After 
one or two revolutions of the flywheel, the lovers of 1 and 4 are 
moved to the running po.sition, admitting fuel to the fuel valves. 
When these cylinders start firing, the levers on No. 2 and No. 3 
cylinders are moved from the starting to the running position, 
cutting out the air-valve mechanism and engaging the find 
rockers. 

Servomotor. —On the larger Rusch-Sulzer engines the timing 
of the fuel injection is altered at load changes. This is accom¬ 
plished through the agency of a cylinder placed in front of the 
engine, containing a spring and piston. This cylinder is in com¬ 
munication with the low-pressure cylinder of the air compressor. 
The air-compressor suction is provided with a damper arrange¬ 
ment actuated by the engine governor. On low loads the air to 
the compressor is throttled. This results in a lower discharge; 
pressure in the low-pressure cylinder; this, in turn, lowers the 
pressure existing in the servomotor. The spring then forces the 
piston downward. The piston rod moves a system of levers that 
actuates an auxiliary roller which is linked to the fuel valve 
rocker. A diagrammatical layout of the servomotor appears 
in Fig. 203. It will be noted that as the air pressure in the servo¬ 
motor becomes lower, due to a lighter load, the auxiliary roller a 
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movRs iipwaiil, tlu'ivljy allowing the cam iiow^ (o strike it. slightly 
earlier in the enfrino cycle. The auxiliary roller is in contact 
with the fuel-rocker roller h at all time.s, heiiif' lu'ld by the links r. 
The auxiliary roller is .set in such a i)osition that if the injection 
opening is early, a.s on low load, this roller remains in contact 
with the cam nose for a smaller interval. Con.se(pienlly, on full 
load the period of injection Ix'gins later and extends over a greater 



UtaiJ Vt bra] 


20.’i.— Mt'tlunl of alft'niig fuoi hy sorvomotor. 


crank angle than it does on low loads. This is shown in Kig. 2t)3 
where the dotted lines indicate the roller positions on low load 
and the full lines are the full-load po.sitions. 

On starting the engine, the handwheel of the .servomotor is 
raised to the half-load position while the air from the air compnxs- 
sor to the servomotor is cut off. Thi.s latter action is for the 
purpose of preventing the servomotor from moving the injection 
roller to the full-load po.sition. Frequently, when the engine is 
using heavy oil, it is necessary to adjust the servomotor hand- 
wheel to provide for earlier admission than the air pressure would 
give, or vice versa with heavy oil on light loads. 
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Fuel Valve By-pass. —Each fuel line has a Ijy-pass, or relief 
valve, mounted on a block at the camshaft cover. Before the 
engine is turned over under air pressure, these valves should be 
opened and left in this position until a solid stream of oil issues 
from each valve, thus indicating that all air in the pump or oil 
lines has escaped. .When running, frequently one or more 
cylinders skip in firing, or fail to fire at all; this, in most cases, 
is due to an air-bound fuel lino. 



Fio. 204.—Busoli-Suizer fuel valve. 


Busch-Sulzer T3q)e C. Fuel Valve. —The fuel and air starting 
valves arc placed in one cage. This requires the use of a single 
opening in the cylinder head, thereby reducing the danger of 
fracture. 

The fuel valve spray disks, etc. are designed along the same, 
lines as the Type B. The needle valve is lifted by the rocker 
mechanism shown in Fig. 204 which shows the marine-type of 
connections. In the stationary engine the rocker is replaced by 
a link which is swung from the cam-roller lever, this lever in turn 
being suspended from the control shaft. Adjustment of clear¬ 
ance is obtained by means of the adjusting screw at the end of 
the valve rocker and on the stationary engines by adjusting the 
length of the link. 

The air enters the valve casting at the lug and passes down 
the space between the sleeve and the needle, passing out at the 
lower end to the disks. The oil passes down a drilled passage 
in the casting and enters the cavity around the sleeve above the 
disks. 
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McIntosh & Seymour Diesel.— The fuel valve of this engine, 
appearing in Figs. 205 and 206, is contained in a cast-iron housing 
or cage. The valve, the needle end of which ha.s a 60-deg. 
included angle, seats on the cage itself. The upper end of the 
cage carries tin- spring housing. This end of the valve stem is 
screwed and locked into a dashpot, against whieh the spring 
bears. The valve is opened by the inoveiiK'iit of the rocker arm 
shown. The .atomizer is the detail of the valve that differen¬ 
tiates it from other .\merican fuel valves. This is a gun-metal 



ri(;.20r).- -Me- Fio. 206.—Moinfosh A* Seymour fuel vnlvo 
Intosh tfe Sey¬ 
mour fuel viilvo. 


barrel, the diameters of which are of iiregular dimensions. The 
interior is bored tap('r, fitting the valve strun at the upper end, 
while a number of passages connect this tairer bon' with the 
outside surface. In operation of charge of oil is forced, by the 
fuel pump, through the passage 0 and surrounds the atomizer at 
the space J, issuing through the serrated fins at K and L until 
the fuel reaches the level P, Fig. 207. The injection air fills the 
cavity above the atomizer, and, when the needle valve opens, 
this air flows through the ports B and along the valve stem into 
the cylinder. The air pressure on the surface of the oil at J 
remains constant while the velocity of the air current along the 
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valve stem reduces the pressure at the inner end of the oil ports 
E. The consequence is a flow of oil through (he oil ports E 
under the influence of the unbalanced air pr(‘ssure. This oil, 
as it enters the stream of high-velocity air, is broken up and 
thoroughly atomized by the time it reaches ttn^ cylinder through 
the atomizer cap M. The flow of oil continues until the oil level 
falls below the ports E. If the fuel valve is properly timed, the 
valve should (hen close, preventing an excessive amount of air 



blowing into the cylinder. Although this excess air may actually 
increase the tn.e.p. of the engine as figured from an indicator 
card, it repro.scnts a loss of power since it has been compressed 
to 900 lb. per scpiare inch and is allowed to expand through the 
nozzle to 500 lb. per square inch without doing any work. 

On full load the closure of the needle valve should trap a small 
amount of oil immediately above the valve seat. This oil, 
on the next valve opening, is blown in ahead of the air charge, 
providing an initial ignition to balance the chilling action of the 
expanding air charge. The oil, if it contains dirt or a tarry base, 
gums badly until the fuel chamber is filled, forcing the oil to 
deposit around the valve stem. When this occurs, the oil enters 
the cylinder in a slug. This is indicated by loss of powcw and 
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a smoky exliaust. Tho rpiiioily is, of coiirso, the cleansing of (,lio 
atomizer. 

It is claimed tliat this valve design permits operation witli a 
lower injeetion air pres.sure than with other typ('s of atomi/.i'rs. 
In practice it would appear that this advantage does not exist 
as at full load a pressure of about 001) Ih. gage is neeessary. 

This design of spray valv(' is superior in many respects. t)f 
special advantage is its ability to handh' sueee.ssfully, th(' heaviest 
of Mexican oils, Unlike many spray valves this one is able to 
atomize heavy oils without the formation of carbon on the piston 
crown. 

Adjustments Valve Stem. The valve stem, which is steel, 
corrodes with a sulphurized oil and must be burnished at each 
removal. The stuffing-box is Ix'st packed witli shredded babbitt, 
although vulcanbestos may be u.sed in an emergency. Afl('r the 
valve has been ground, it becomes necessary to bring the distance 
from the valve tip to ttie, rocker lock wa.sher back to th(^ original 
length. This is accomplished by running both the washer and 
lock-nut up until there is the proper clenranc(5 between the fuel 
earn and rocker roller. The spring tension can be made normid 
by the insertion of a washer between the spring and the dashpot, 
or spring cap. The valve can be reground until the lock-nut 
i.s against the dashpot at which time a new valve must be secured. 

Valve Cage. -The valve cage is lield by two stu<ls and rests 
on a taper seat in the cylinder-head casting. This taper joint 
should bo cleaned of soot before the cagi; is r(‘placed or I he joint 
will leak. 

In removing the valve cage tln^ (uitire rocker assmubly of all 
the valves must be lifted. When only the valve stem is removed, 
it is merely necessary to unbolt the upper part of th(’ cage or 
housing which contains the spring. The valve stetn will slip 
through the fingers of the rocker. 

Fuel Line.—The fuel line, as on all engines, fills with dirt and 
must bo Hushed with kerosene. There is no by-pass or relief 
valve on the fuel line. If the oil line becomes air-bound, the 
union at the valve cage must be unscrewed to allow tin; fuel line 
to clear. To avoid a messy appearance after a line has been 
emptied, a shallow pan can be constructed to receive the oil. 

Starting Fuels.—For .starting purposes, it is customary for the 
manufacturer to furnish a two-compartment find tank, one 
compartment containing the fuel oil which is used, while kerosene 
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is placed in the other part. This kerosene is supplied to the 
engine in starting since it will ignite at a lower temperature. 

McIntosh & Seymour Marine Diesel Fuel Valve. -The fuel 
valve of the McIntosh & Seymour Marine Engine, while using a 
llesselman atomizer, has a cage and actuating rocker cpiite 
different from that described above. The cage rests in a bushed 
opening in the cylinder head. The 
rocker arrangement is shown in Fig. 
208. The rocker arm, at one end, is 
pinned to the vertical push-rod while 
the other end carries a hardened .steel 
button in contact with a dog which, in 
turn, raises the valve by its adjusting 
put. The fuel earn, etc., have already 
been discu.s.sed in the preceding chapter. 

The Snow Diesel Fuel Valve.- The 
Snow hoi'izontal Diesel fuel valve is of 
the open tyiie and is shown in Fig. 209. 
The valve' is encloseil in a cast-iron eagre 
which is held to the cylinder hr-ad by 
two studs. The cage extensioir cari'ir's 
the valve spring, which .seats on a cast- 
iron busliing alrout tire valve; ste'in. 
'this cage has ii. gaske't at the; cylinele'i- 
heael surfeice while; a grounel jehnt 
betwe'e'ii the; atomizer anel heael ceisfing 
inwe'iits wate’i' leakage' into the' cylin- 
ele'r. 'i'his ari'angeme'ut preeviele's an 
effective watei’-cemling of the valve cage; 
without the ne'cessity of a water cavity 

Seymour niivrino trunk pi^ton OOUV. 

Die-scl fuel valve. The oil chai’ge enters the valve 

cage at c, flowing along the check 
valve D, anel comes to rest in the small cup or reservoir E. 
The air from the compressor enters at B anel fills the recess at A. 
At the proper time the needle valve H is openeel; the air rushes 
out the valve opening, through the passage F and inte; the cylineler 
at I. In sweeping over the surface of the fuel charge at E, the 
oil is picked up and, as it is forced along through the atomizer 
disks C, is broken up. 
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Valve Stem. —Tho valvo .stoin can Ik' removed, without dis¬ 
turbing the roeker arm, by unscrewing it from I he s[)ring bushing. 
In making adjustment for cam roller clearance, the stem is 
screwed in or out of this spring bushing as rociuired. This allows 



a eonsid('rable shorlening of the valve stem, from n'grinding. 
before replacement is necessa ry. 'I’he lower i)art of t h(‘ si cm is 
groov('d, and these grooves eolh'ct dirt anil eonseipieni ly should 
be chained occasionally. 

Fuel Check Valve. -While culling 
of the fuel valve si-at due lo dirty oil 
is avoided, I he scoring is merely trans¬ 
ferred to the check valve I). 'I'ho oil 
i.s at all times in cont.act with this 
valve, and there is a strong tendency 
for tho dirt to settle on the inner edges 
of the seat. This will cause the valve 
to leak, although the scoring action 
is much less than with the, closed 
nozzle since there is no high-velocity 
air stream present. 

Atomizer Disks.—The atomizer is 
provided with a scries of fins about 
the peripheries of which are a number 
of notches, Fig. 210. The.sc notches will fill with a tarry deposit 
when a heavy asphaltura base fuel is burned. The prcsimce of 
these deposits is usually indicated by the engine requiring a high air 
injection pressure to maintain the correct sjieed. The atomizer 
disks should be cleaned at least once a month—more often if the 
10 
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oil is dirty. A spare set can be inserted and the old ones soaked 
in lye water. 

Snow Vertical Diesel. —The vertical Diesel built at the Snow 
Works makes use of the mushroom type fuel valve employed on 
the Worthington Marine Die.sel and shown in Fig. 211. The 
fuel valvc-rocker arrangement is shown in 
I'"ig. 75. A rocker D is fulcrumed on the 
pin E which is supported by the end of the 
valve rocker II. The rocker D actuates 
both the fuel valve F and the air-starting 
valve G. The free end of this rocker fits 
into a groove C which is a part of the eccen¬ 
tric B. By moving the reach-rod A, the 
eccentric B carrying the groove C is shifted 
so that the groove C brings the rocker D in 
contact cither with the fuel valve F or the 
air-starting valve G and thus enables the 
rocker II by moving D up and down to open 
either valve as desired. 

The McEwenDiesel Fuel Valve.— Another 
design of open-type fuel valve is found on 
the McEwen Diesel. As outlined in Fig. 212, 
this valve consists of a c&st-iron housing, 
or cage, which is bolted to the cylinder head 
with the axis of the fuel nozzle coincident 
with the axis of the cylinder, and of the 
necessary atomizer and needle valve. 

The fuel oil enters the valve at a and, 
passing around the ball check, deposits in the fuel cham¬ 
ber b; part of the charge also flows into the fuel-valve 
plug. The air charge enters at c and surrounds the base 
of the valve/stem at d. When the needle valve opens, 
the air passes ^through the valve opening and into the air 
port e; a part'also completely fills the fuel-valve-nut cavity 
where it exerts a pressure on the oil contained in the reservoir b. 
The air flowing through the port e toward the cylinder attains a 
high velocity with a decrease in pressure. The air above the oil, 
having a fairly large volume, maintains its original pressure. 
This unbalanced pressure produces a flow of oil in the port F. 
The oil, after passing through the small channels G, encounters 
the stream of high-velocity air and is swept into the cylinder. 



Fio. 211.—Fuel valve 
of Snow vortical engine. 
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This oil issues from the channels G in very fine streams, which 
are quickly mixed with the air. The atomization is further 
increased hy the action of the atomizating plate //. This valve 
is one of the host yet designed. The air docs not “.slug” the oil, 
causing a poor atomizing effect. On the contrary, the channels 
G are of such cros.s-.section that the oil i.ssues from them in stream.s 
of a size that, will allow a thorough hreaking-up hy the air. 



Rcgardlcs.s of the engine load and the volume of the fuel charge, 
the rate of fuel injection into the cylinder i.s fairly constant with 
any given fuel. Even a decrease of 100 11). in the injection air 
pressure apparently has hut minor effect on the degree of atomiza¬ 
tion. Oils of different characteristics do not flow through the 
passages at identical rates. The natural conse()uence is a varia¬ 
ble rate of fuel injection unless disks with different size passages 
are employed. A partial remedy lies in the control of the 
injection air pressure. 

Adjustments. —The hall check valve requires some attention; 
especially is this true with dirty oils. In case the seat is worn, 
a new contact can be formed by using a hardwood stick or soft 
copper pin; lightly striking the pin will cause the ball to renew 
the curvature of the valve cage seat. 
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The roller, actuating the valve, is mounted on an eccentric. 
A lover moves the roller into and out of contact with the fuel 
cam. In changing the valve timing, the rocker roller can be 
moved by means of the adjusting pin. The adjusting pin passes 
through the roller pin or bearing and moves the bearing along 
th(' slots shown. The fuel valve rocker .set-screw, resting on the 



end of the valve stem, controls the clearance between stem and 
rocker. 

Allis-Chalmers Diesel Fuel Valve.—The fuel valve of this 
engine is of the open type, Fig. 213. The body is a steel block, 
the nozzle e.xtcnsion of which fits into the cylinder head. The oil 
enters the valve body at the bottom, the line having two poppet 
check valves. The air enters the block at the top and fills a 
recess behind the fuel valve. As the lever or rocker arm lifts 
the valve, the air rushes through the valve opening and flows 
into the oil cavity at the point a. As it passes over the body of 
fuel, the air picks up the oil and blows it into the cylinder. The 
velocity of the air stream,together with the action of the atomizer, 
breaks up the charge into particles. The nozzle tip is flaring 
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in contour, causing the mixture of air and oil to as.sume a cone 
shape. 

Adjustments. Check Valves. -The oil cheek valves require 
regrinding at intervals, especially with dirty oils. The check- 
valve cage is quite easily removed for valve repairs by unshipping 
the oil pipe line and unscrewing the cage from the fuel valve 
body. 

I— 

Mnehino 




Kkj. 214.---Ailis-Chtilniorw fuel riiiii. 


Needle Valve.—The valve is of generous dimensions, and 
consequently very little regrinding is necessary. 

The Atomizer Tip.—The atomizer, since it is exposed to the 
cylinder temperature, carbonizes or gums from the small amount 
of oil that adheres to the atomizer after the air blast ceases. 
A spare tip should be on hand at all times. The presence of 
deposits will ordinarily be indicated by the engine laboring 
until the injection air pressure is raised. 

Fuel Cam.—The layshaft is provided with a hub disk which is 
held by a nose key. This hub is fitted with an extension upon 
which is keyed the air-starting cam. The hub flange, as will 
be observed in J'ig. 214, is slotted. Into these slots are placed 
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the fuel cam Imits. The fuel cam also appears in Fig. 213, where 
it can be scon that it has an adjustable nose. In setting the fuel 
valve timing, the fuel cam ean be moved sevc^ral degrees around 
the hub disks and held in place by the bolts. This provides the 
easiest method of adjusting the fuel valve timing. 

Timing the Valve. —In timing the valve instead of marking the 
positions on the flywheel a bras.s circular dial may be placed on 
the end of the layshaft, as shown in Fig. 215’. A pointer is 



215.—TiniinK Alli.s-C.’halmers fuel valve. 


fast(!ned to the rocker fulcrum jiin. The dead-center positions 
of the piston is found by the method outlined in Chapter XII, 
and marks are made on the dial in line with the pointer. The dial 
may then be laid out in degrees over the arc covered by the firing 
period. Since the layshaft is run at a 1 to 2 ratio there is never 
any question as to whether the piston is on tl»e firing or suction 
dead-center. If the engine is a twin-cylinder unit, two dead- 
centers and two arcs arc laid out as shown in the illustration. 
These may be marked 1 and 2. If a three-cylinder, obviously 
three marks at 120 deg. are made. For a double unit the dials arc 
placed on each layshaft. 

The National Transit Diesel Fuel Valve. —The National 
Transit Co. equipped their Diesels with an open-nozzle fuel valve, 
Fig. 216. The valve stem is placed vertically in the valve block 
and has the closing spring located in the top of the valve body. 
This spring is enclosed in a sleeve B which acts as the air valve and 
is moved vertically by the valve stem compressing the spring, 
as the stem is raised by the rocker. The oil enters the valve 
passage of the atomizer through the check valve o. The oil 
reservoir extends the depth of the cylinder head. This causes 
the oil charge to spread out in a thin sheet; consequently, the 
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air does not pick up the oil in slugs. Owing to this passage 
length, no atomizer disks are noccsstvry. 

The valve body has no cooling-waler passages since it rests 
in a thin bushing presided into the cylinder head; tin* cooling effect 
through the bushing is quite .satisfactory. 



The fuel valve of the National Tran.sit Die.sel manufactured 
prior to 1918 wa.s opened by a pu.sh-rod carried in the hollow 
housing of the camshaft end bearing. This push-rod is in con¬ 
tact with the fuel cam, Fig. 21. 

On later Diesels the fuel valves are driven from the camshaft 
in front of the cylinder, as appears in Fig. 216. The fuel valve 
and starting-valve rocker are here mounted on an eccentric which 
is machined on the fulcrum shaft. In starting, a lever gives an 
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angular displacement to the fulcrum shaft; this shifts the eccen¬ 
tric, throwing the fuel-valve rocker away from the valve stem 
and moving the air-starter rocker into position. 

Fuel Valve Timing.—In timing the valve opening and closure 
the adjusting nut on the valve stem is set to contact with the 
fuel cam and the valve at the desired piston angle for valve 
opening, as with practically all engines. After the valve is 
reground a few times the center may touch the top of the valve 
stem, holding the valve open at all time.s. To overcome this 



'B 

Section X"X 

Fkj. 217. —Standard horizontal Diesel fuel valve. 


trouble the center should be ground off at the surface where it 
seats on the valve stem. 

Standard Fuel Oil Engine Fuel Valve.—The fuel valve of the 
horizontal engine is of the open-nozzle type. The valve is hou.sed 
in a cast-iron bracket block and consists, in the main, of the steel 
valve body, atomiz('r, needle valv(', fuel check valve, and valve 
actuating spring and rocker. Fig. 217. 

The operation is as follows: The charge of fuel, flowing through 
the pipe a and the check valve, enters the atomizer through the 
small port holes B. The air enters at the side of the valve block, 
passing around the valve stem above the seat at C. As the needle 
valve is raised, this air enters the atomizer passage D; to do this, 
the air riiust pass through the atomizer cone shown in the section 
B-B. This effectually breaks up the air stream, preventing the 
air from “slugging” the oil into the cylinder. As the high- 
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velocity air passes over the oil, the latter is picked up and swept 
into the cylinder. As a means of giving .sensitive control of the 
fuel supply on low loads and of eliminating “hunting” by the 
governor, a by-pass fuel valve is placed in the fuel line. When 
low loads are carried, the governor, which is of the Hites Interia 
type, is at the extreme limit of its travel. In this condition this 
type of governor is unstable and will hunt e.xce.ssively. By 
cracking the overflow valve to allow part of the fuel pumped to 
by-pass back to the tank, the governor is compelled to handle 



more than the engine's requirements. The governor then moves 
outward to a more stable position, giving a closer ri^gulation to 
the engine speed. 

Fuel Valve Actuating Mechanism.—The fuel valve is operated 
by a unique cam arrangement radically different from that 
used on all other Diesels. The device appears in Fig. 218 where 
0 , the fuel valve, is moved by the dog 5; this dog, in turn, receives 
its motion from the cam lever d. On the lower end of this lever 
is mounted a roller which is in contact with the cam e. It will 
be observed that, as the engine turns over, the drag crank, being 
connected to the reach-rod and crank/, will raise the needle valve 
through this system of levers. The cam nose comes under the 
roller twice in each revolution of the engine, and, since the 
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engine is a two-stroke-cyclo, it then becomes necessary to pro¬ 
vide some means whereby the rolh^r is raised only once per 
revolution of the engine shaft. This is accomplished by cejuip- 


O 



Developed Surface of Cam 
Showing Roller in UlC Two Extreme End Positions 



ping the cam roller with two flanges, as more fully illustrated in 
Fig. 219. The cam is milled with curved sides, and the nose 
extends over only one-half of the cam width. As the reach-rod 
moves to the left. Fig. 219, the right-hand roller flange bears 
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against the cam odgcj the cam nose then passes I)etwecn tho 
flange and the roller. At the extreme travel of the reach-rod, 
the curved side of the cam throws the roller to the h'ft, pulling 
it into the position a, Fig. 219. When the drag crank reverses 
the travel of the roach-rod /, the cam nose strikes the roller, 
raising the needle valve; the cam at the end of its travel then 
shifts the roller to the right to the position b, which allows the 
roller on the return stroke to slide over the cam, untouched by 
the nose. 

Adjustments. Timing of Fuel Valve. - The point of beginning 
of fuel injection can be altered by adjusting (he reach-rod length. 
1 he clearance between the valve spring cap and dog is controlled 
by the adjusting set-screw on (he roller lever d; this need not bo 
mon; than j 32 -in. 

Fuel Valve. -Iho valve body is water-cooled, and it is neces¬ 
sary to use this cooling system when high-gravity fuel oil is 
burned. W'ith heavy nils, around 21 deg. Baumd, the water tends 
to chill the valve and lower its atomizing efficiency; the result 
is a decidedly smoky exhaust. It is advisable, with such oils, to 
discontinue the flow of water around (he valve. 

Needle Valve.—1'he valve .seat n^quires the same attention as 
do all open-type valves. The shortening of the valve, due to 
regrinding, can be cotnpen.sated for by screwing the valve out of 
(he spring cap or dash-pot. 

Fuel Check Valve.— lis[)ecial attcuition should be given to the 
fuel check valve while tin? plant is burning dirty oil. If the 
fuel be sulphurized to any exUmt, this valve will corrode and of 
course demand regrinding. The check valve stem must be 
k<'pt clean from corrosion since the spring is light and will not 
close the valve against any decided binding of the stem. 

Standard Vertical Diesel Fuel Valve. —The vertical Diesel 
built by the Iladfield Penfield (.lo. makes u.se of a closed-type 
fuel valve. As indicated in Fig. 220, the valve assembly con¬ 
sists of a cast-iron hou.sing into which is tith'd a bushing having 
two grooves, one for the oil and the second and top one for the 
air passage. Inside this bushing is slipped a second bushing or 
sleeve through which the needle valve moves and whose upper end 
is provided with a stuffing-box packed with babbitt shavings. 

The flame plate is provided with a numb(^r of drilled passages 
which converge at the lower end into a central nozzle opening. 
This plate is held in place by a screwed cap. 
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The dashpot and spring are carried in a housing bolted to the 
fuel-valve body. The needle valve is actuated by a rocker arm 
fulcrumed on the upper housing. The camshaft runs along 
the side of the cylinder head and is driven by a vertical shaft 
meshed with a helical gear on the crankshaft. The needle 
value of a 50-hp. cylinder is in. in diameter, and, although it is 
claimed by many that so small a cylinder is impossible in a Diesel, 
the combustion in this engine is as good as in larger Diesels. 



Fig. 220.—Standard Vortical Diesel fuel valve. 


fhe spraying of the fuel is all that can bo desired over a wide 
range of speed. The atomizing at 200 to 350 r.p.m. is practically 
uniform. 

The oil line is provided with a drain cock so that priming is 
assured. The oil-line check valve is immediately at the fuel 
valve housing, thereby eliminating all danger of back fires. 
Being provided with a slotted head and carried in a housing or 
cage, the check may be readily reground. 

Fulton Machine Co. Diesel Fuel Valve.— Figure 221 illustrates 
the fuel valve used on the three Fulton Marine Diesels built 
several years ago. It is along standard practice in closed nozzle 
valves and is controlled by a rocker from the camshaft. The 
engine is no longer manufactured, but the spray valve is interesting 
as showing that even in the smallest engines (50 hp. per cylinder) 
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the general design of valve successful in large engines is used 
with no difficulty. 

New London Diesel Fuel Valve. —The fuel valve used on the 
New London Diesel is shown in Fig. 222. The chief thing dis¬ 
tinguishing this valve is the absence of atomizing disks, only 
a sleeve being used. In addition, the flame-plate carries only 
one opening instead of a number as is custo¬ 
mary. Due to the compact form of the com¬ 
bustion chamber, as will be noticed in Fig. 

190, it is not necessary to have the oil spray 
diffused. The needle valve is actuated by a 
rocker, as will be noted in Fig. 190, which 
is connected by a rcach-rod to a cam rocker. 




Fio. 221.—Fulton Machine Co. Diesel 
fuel valve. 


Fio 222.--New London 
fuel valve. 


The fuel cam rocker is mounted on an eccentric pin, which allow^ 
the valve to be thrown out of action. 

Nordberg Diesel Fuel Valve. —The spray valve Fig. 223 used 
on the large Nordberg Diesel is also found on the smaller typo 
VE engines without change in design save that the former has 
a small rocker that serves to transfer the motion of the large 
rocker to the needle valve. This rocker is nece.ssary in the large 
engines since the large rocker has its roller resting on top of the 
fuel cam rather than under or between the camshaft and cylinder 
head. On the small units the camshaft is below the cylinders, 
and the rocker is actuated by vertical push rods, the rocker 
bearing directly upon the needle-valve lock nuts. 
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The fuel valve body fits into an opening in the cylinder head, 
the water l)eing sealed off by a thin bushing. Within the valve 
housing i.s placed a long pulverizer tube which carries a set of 
perforated disks at its lower end. The fuel flows down the 
clearance space between the body and the tube while the air 
flows between the needle valve and tube, emerging through 
drilled passages above the disk.s. The flame plate carries one 
central nozzle opening with flaring exit walls, thereby enabling 
tlu! hollow cone of oil, formed by the flow along the (xmical needle 
valve (uid, to spread over the combustion space. 



Fulton Iron Works Fuel Valve.—This fuel valve, h’ig. 221, does 
not differ in the atomizer design from the majority of fuel valves. 
The needle valve at its upper end screws into the spring holder 
and is locked into place by the jamming of an adjusting screw 
bearing on the end of the needle. Spring tension is adjustable 
over'a wide range. 

The needle is lifted by a short rocker fulcrumed to tin; upper 
cage casting. A roller is interposed between this rocker and the 
large rocker arm. The roller is linked to a shaft passing along 
one side of the set of fuel valves. On light loads the operator 
by moving a handwheel on the shaft causes the roller to move 
out along the short rocker. This results in the movement of the 
large rocker arms giving a smaller lift to the needle valve. As a 
consequence, the opening around the needle valve may be varied 
with the load; in addition the shape of the roller track on the 
short rocker is such that the clearance between roller and large 
rocker is greater on low loads. This feature allows the duration 
of the valve lift to be varied, covering a smaller crank angle on 
low loads. The clearance with the roller at the inner point of 
its travel is about 0.03 in. 
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It has been fouiul that on li^ht loads the amount of oil entering 
the spray valve is so small that all the top atomizer disk surface 
is not covered, the oil piling up on the side next to the oil passage. 
There is then a lo.ss of air blowing down the opposite side. To 
eliminate tliLs the oil p.assage was changed .so that it now flows 
down a pas,sage cut into the outer .surfae(' of the sleeve (). The 



Fkj. 22t.— Fulton fuel valve ansicnjWy. 


lower end of this groove is divided into two passages, allowing 
the oil to enter the cavity at two opposite points. This gives a 
better distribution of the oil. 

Lombard Fuel Valve.—This fuel valve is outlined in Fig. 71A. 
It is somewhat unusual in that, while set vertically in the cylinder 
head, the nozzle has a side opening. The fuel is introduced into 
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the cylinder in a fan-shape stream horizontally across the piston 
crown. The stream of oil particles in this way comes in contact 
with the air in the combustion space and by reason of its thin 
fan shape does not strike the piston crown or cylinder head. It 
is claimed that this encourages perfect combustion since none of 
the oil is chilled by the cold iron walls. In operation, however, 



it is evident that a small amount of the oil does touch the walls 
since the exhaust is not clear until the engine warms up. It 
would seem that this character of oil stream should be superior 
to the usual cone. 

Worthington Marine Diesel Fuel Valve.—-The large marine 
Diesel built by the Worthington Pump & Machinery Corporation 
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A 

makes use of a mushroom-type fuel valve in preference to the 
usual needle valve, as shown in Fig. 225.4. The mashroom valve 
has been proved to be successful by one of the largest European 
builders. It has the advantage of insuring a thorough distribu¬ 
tion of the oil stream since in its passage between the inwardly 



opening valve and the valve seat the oil assumes a cone formation. 
The disadvantage of this type of valve for small cylinders is that 
the height of the opening between the valve and seat must be 
small since the length of the opening is neces.?arily large. The 
difficulty of adjusting the valve lift to reduce the air loss is 
evident. On large units these objections do not appear. The 
20 
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air enters the valve cage between the pulverizer tube and cage 
while the oil flows down a copper tube in a drilled passage in the 
cage wall and empties immediately above the atomizer disks. 
The rocker arm tappet bears directly on top of the spring cap, 
the rocker being actuated by a push rod from the cam shaft which 
runs along at a level with the cylinder bases. 

Cramp’s B. & W. Diesel Fuel Valve.—This fuel valve is shown 
in Fig. 226. The valve has a mushroom head and the construc¬ 
tion is in general similar to the one just discussed. In regrinding 
this type of valve the cage is removed, and the process is quite 
like that followed on exhaust valves. The contact need be but 
a hair line. 



Km. 226.—Cramp’d M. & W. 
fuel valve. 

Twin Fuel Valves.—In Fig. 227 is shown the arrangeriKuit of 
twin fuel valves on the 1,000-hp. U. S. Navy submarine Diesel. 
This engine was built along the linos of the German U. Boat 
Augsburg Diesel where a m.c.p. of 1.50 lb. per square inch was 
attained. Many designers and engineers hold the belief that 
twin fuel valves were first used on the Augsburg to secure better 
fuel distribution and combustion. In fact, the underlying motive 
was to obtain a better distribution of the heat stresses in the 
cylinder head. It has not been proven by any experiments that 
two fuel valves give better combustion. 




FUEL INJECTION VALVES 


307 


The two valves are lifted by the spider B which is controlled 
by a forked rocker arm hooked to a pin passing through the bore 
7. The spider is guided vertically by the holders A and 77. 
The spider bears on the bushing D which in turn is held down by 
the large spring C which also holds the small spring E in compres¬ 


sion as soon as the motion 
of the spider compresses the 
large spring C, the spring E 
is relieved and raises the 
needle valve. The possible 
lift of the needle valve is regu¬ 
lated by the nut F and 
sleeve G. 

Maintenance of Fuel 
Valves.—Superior advantages 
are claimed for each typ(!, but 
from the point of view of 
maintenance there is little 
choice. The spray-valvc trou¬ 
bles most commonly encoun¬ 
tered are scoring and cutting 
of valve and seat, causing 
valve to leak; jamming of 
stem in its guide, preventing 
valve from seating; valve-stem 
packing leaking; and atomizer 
plates or passages clogged, 
preventing flow of oil and air 
out of valve body. In the case 
of a leaky scat or valve its 
correction may involve more 
or less regrinding, depending 
on the depth of the cuts 
or scores on valve and seat. 
In no case should recutting or 



Ground seat’'' 

Fig. 227.—Twin fuel valves of 1,000 hp. 
U. S. submarine Diesel. 


facing be restored to if it is possible to make the valve tight by 
grinding, but it should be remembered that frequent regrinding 
is likely to result in the seat wearing out of true or the valve 


face becoming uneven. 

Regrinding Fuel Valves.—Regardless of the type of fuel valve, 
each, sooner or later, requires regrinding. In performing this 
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process, an engineer should be very miserly with the amount of 
grinding paste used. The best compound is one of powdered 
glass and vaseline, or emery flour and vaseline. Only a very 
small amount should be placed on the needle, being spread out 
evenly over the entire seating surface. The entire valve, with 
the exception of the spring, should bo assembled when grinding. 
This is to insun' that the valve is aligned properly. It is unnec- 
es.saryto secure more than a thin line contact at the seat— 
in width is ample. After grinding, it is advisable to disas.semble 
the entire valv(^ and cage and wash very thoroughly with kero¬ 
sene. This is to remove all emery particles. 

Itjis impossible to lay down a hard and fast rule as to the fre- 
(juency of regrinding. If the fuel is fairly clean once every 800 
to 1,000 hrs. of service seems to be about correct. Poor filter¬ 
ing ecpiipmcnt may cause valve h'akage much before this. 

Some engine builders supply a special reamer for trucing the 
spray-valve .seat, but if it is not supplied, the engineer should have 
one mad(‘. The reamer slunild be a duplicate of the valve, with 
the face fluted to form cutting teeth. The reaming should be 
very carefully done to obtain good results. The reamer should 
not be dropped down on the s('at nor should very much pressure 
be applied, as it will chatter and cut an irregular .seat. Insert 
the reamer carefully, hold against the seat with a light pro.ssuro 
and turn only in one direction. If it is turned backward the 
chips collected between the cutting teeth will scratch the valve 
seat and a great deal of grinding will be required to remove the 
scratches. The liability to scratch will be reduced if the cutting 
teeth arc coated with heavy cup grease. This grea.se will catch 
and hold the metal chips and pn'vent them being dragged under 
the teeth. Remove the reamer frequently, clean and recoat with 
grease, wipe out the valve seat and continue the operation only 
long enough to obtain a good full seat, without removing any 
more metal than is necessary. 

It is general practice to make the valve scats of cast iron and 
the valves of high-grade alloy steel, hardened. For this reason 
it is usually the valve seat that requires recutting and the valve 
need be ground only to the seat, but when the valve is scored 
enough to require recutting it is best done in the lathe, using a 
center grinder in the compound rest as a cutting tool. The 
rest is set to the angle of the valve seat and very light cuts are 
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taken, using a soft grinding wheel and revolving (lie valve about 
200 r.p.ni. 

New Needle Valves.- The author, at one time, in view of the 
unsatisfaetory needles obtainable, recommended that the 
engineer make all needles required for replaeenient. lieeause 
of the improvement in nei'dies .supplied by the builders it is now 
conceded that only in ease of emergency should an engineer 
attempt to do this. In all .save exceptional eases (he engine 
builders' parts prove more .satisfactory. The valve is capable of 
considerable shortening by grinding befoie it. is u.sele.ss. The 
greatest eau.se of replacement is (he corrosion of (he stem due to 
acid in the oil. In addition, then' is somi' wiair at the stufling- 
box gland by reason of the pressure of thi' packing. 

Needle Valve Wear. -The s|)ray-valv(‘ stem guide is usually 
made as long as po.ssible in order to reduce the wear and in.sure 
the valve si'ating ab.solntcly true. It is a common mistake 
among engineers to assume (hat sticking of (he valve stem in the 
guide is due to a too close fit between stem anil guide. As a 
matter of fact it is in most eases caii.sed by (hisfit being too loo.se. 
The spray air pre.ssiire inside the spray-valve body tends to force 
the fuel oil up into the space between the guide and stem, 
especially when leakage of air past the valve-stem iiacking creates 
a condition of unbalanced jiressure in the valve-stem guide. 
This fuel oil is .spread in a thin film over the surface of the valve 
stem, and the heat of the stem gradually cooks it dowm to a 
gummy condition. This gum or soft carbon is very gritty, with 
no lubricating value, and will soon cau.se the stem to stick in its 
guide. When the spray valve is disas.sembli'd for overhaul, the 
stem and guide should bi' carefully cleaned with kerosene. 
Kmery cloth should not be used to polish the stem unless it i.s 
too rough to be cleaned with oil, as it tends to reduce the diameter 
of the stem and increa.se its clearance in the guide. 

Spray-valve stems ar(‘ packed with high-grade soft packing 
or metallic packing. In replacing, do not use packing that 
contains rubber, llubber is readily solvent in fuel oil and the 
packing will be destroyed rapidly. If the stem shows cuts or 
abrasions w'here the packing bears, it .should be smoothed and 
polished with emery cloth to prevent the packing from beingtorn. 

Bent Needles. —If the valve stem is bent, it should be straight¬ 
ened and spun between centers to ,see that it runs true. Do not 
replace a stem that has been straightened without testing the 
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fioating of the valve. If the spring has taken a permanent set 
that- shortens it enough to deerease its working tension place 
enough washers under the spring or on top of it to give it the right 
tension. Since it is not practicable in the ordinary engine room 
to measure this tension, the engineer must necessarily set it by 
observing the action of the valve. The tension should not te so 
great as to put unnecessary load on the operating gear, but it 
should be enough to overcome the inertia of the valve levers and 
push rods and permit the valve to snap rapidly back to its scat 
after the pressure of the valve lever is removed. 

Lubrication of Valve Stem.—The valve stem gradually becomes 
coated with a thin layer of oil residue, this being more noticeable 
in non-coolcd valves. To prevent binding of the stem, it should 
be constantly lubricated. A small amount of kerosene injected 
around the valve at least once every 24 hrs. will remove 
any residue. 

Leaky Fuel Valves.—A leaky injection valve usually betrays 
its presence by causing the engine exhaust to be smoky. Leaky 
valves also allow the fuel charge to seep into the cylinder during 
the compression stroke and so produce violent preignition. 

Incorrect Fuel Valve Timing.—If the valve opens too early, a 
sharp metallic click or pound will be heard in the cylinder. This 
is evidence of premature combustion. If the valve opens late, a 
dull thump or pound, quite like a pound due to loose pin bear¬ 
ing, can be heard. Furthermore, a smoky exhaust ordinarily 
accompanies this pounding. 

Clogged Atomizer or Nozzle-tip Disk.—When cither the atom¬ 
izer or the disk at the end of the fuel valve, sometimes called the 
burner plate, is clogged, the exhaust is smoky. 

Sticking Valve Stem.—When the fuel valve stem sticks in 
the open position, the exhaust will be smoky and the injection 
air gage will show a drop—with the open nozzle, the gage needle 
will show as much as a 75 per cent pressure drop. 

This sticking may be due to a gummed stem or to excessive 
packing friction. The engineer is cautioned against allowing 
such a state of affairs to exist. There is great danger that the 
flame in the cylinder will flash back through the fuel nozzle since 
the air pressure will be low by reason of the free passage into the 
cylinder. This “flash back” will burn the flame plate or nozzle 
and the needle tip. In extreme cases the explosion has wrecked 
the full valve cage and air lines. If the edges of the flame’plate 
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orifices seem to bo burned, as in Fig. 228, it is proof that there has 
been a “flash back.” 

Buried Needle Tips.—If the needle spring is too heavy or too 
light in compression, in closing the noodle will chatter. Ulti¬ 
mately this will lead to a badly worn scat in the valve body. To 
rectify this operators will reream the seat. If rereaming is 



Km. 22.S.— Burnt flnnio pinto. 


continued, there is a likelihood of the needle seating .so deep in 
the body, as shown in Fig. 228/1, that when it is lifted the round 
part is still below the top of the .seat cone. If this happens the 
fuel cannot pa.ss by the neeille stem jind down the .seat. The 



result is that the entire oil lino to this spray-valve casting is 
filled with oil. On the next pump stroke the pump plunger 
comes up against this solid mass of oil and something must 
give way. If the governor acts directly on the plunger, the 
governor becomes irregular. In other cases the oil line must 
relieve itself of leaking at the joint or the high pressure may 
raise the needle valve at the wrong time. The danger in con- 
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tJniif'd rcrcaiTiing is obvious. As a rpriiody it is rccommondcd 
that a groove be cut around tlie stern at the; juncluio with the 
(ip. Tliis groove will provide a clearance for the oil when the 
needle lifts. 

Fuel Valve Cooling Jacket Temperature.— The desirable tem¬ 
perature, at which the discharge line from the fuel valve water 
jacket .should be carried, depends on the characteristics of the 
fuels. If the oil is heavy and viscous, the discharge should be 
around KJO deg. F. With fuel oil of 28 deg. 11(5., and higher, 
120 deg. F. is amply high .since the valve must he cool to jrrevent 
gassing of the light oil. 

Adjustable Injection Air Pressure.— The (‘iigitrecr can appre¬ 
ciate the ncc('ssity of having a higher injection air pio.ssure when 
lh(( engine is carrying full load than when rmder a light load. 
When the fuel charges delivered to the fuel valve is large, as on full 
load, the resistance or “braking” action of the atomizer is high 
and rcrpiires a high pressure to force the entire charge of oil into 
the cylimh'r. On light load.s, the oil occ(jpies only part of the 
atomizing space, and consequently a light air pr'essui'o is suffi- 
ci('nt. If the pressure is high on light loads, the oil is blown into 
the cylinder at an increased rate. The passage of the fuel 
would then require only part of the time during which the needle 
valve is opened. The remainder of the period of valve opening 
wonld be devoted to the passage of pure air. The high velocity 
of the five air as it left the nozzle tip would chill the tip and lower 
the entire cylinder temperature, causing a decreased cylinder 
efficiency as well as a direct lo.ss of air that has been compressed 
at a considerable expense of power. Furthermore, if the air 
pressure is high on low loads, a sharp knock is produced in the 
cylinder which results from the inru.sh of air at a pre.ssure far 
above cylinder pressure, ('onversely, if the air pressure is too 
low the engine will smoke since the fuel has not been .sufficiently 
atomized. 

It is necessary for the successful operation of any Di(‘sel that 
the injection air pressure be altered to conform to load change. 
This adjustment can be under manual control of the engineer, 
as is the general practic('. The manual control can beobtaiiu'd in 
.several ways. The McIntosh & Seymour Marino engine and 
the crosshead type stationary engine are in-ovided with a clearance 
chamber on the low-pressure cylinder, whose volume can be 
altered, changing the air di.schargc pre.ssure. Other builders 
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arraiiKc for tho operator to adjust the lo\v-prossur« suotion, 
obtaining the required air-iuessure control. However, on fluc¬ 
tuating loads, this entails constant attention and is more suitably 
handled by some automatic arrangement. There are several 
designs of automatic injection control. 'I'he l$usch-S\dzer Diesel 
throttles the compre.ssor suction through a linkage from the 
engine governor. The Standard Fuel Oil engines, as has been 
outlined, u.se a governor-controlled air by-pass v.alve. 



Injection-air Pressure.- I'iach d(‘sigii of fuel aiomi/.('r requires 
a certain air [ji'essun^ to inject the oil properly. This pre.ssurc 
will vary with the resistance or “braking” action of tlu; atomizer 
disks. It follows that no .set pressure values can be given which 
will ajrply to all engines. Ilowevc'r, the curve in Fig. 22it gives 
the relation between engine' load ami injection pressune that is 
correct for practically all closed-nozzle engini's. For open-nozzle 
units the pressure will run some .at) to 11)0 lb. lower than is given 
in the table. In making this statement it has been a.ssumed 
that tho difference between injection-air ijressure and cylinder 
pressure was a constant. This holds perfectly true for similar 
types of engines, but is not true b)r such widely different types as 
a high-speed submarine engine and a low-spec'd heavy-duty 
stationary or merchant-marine engine. Jiot h types use about the 
same cylinder compression pressure (about 47.') lb. per square 
inch), but the combustion pressure in tho high-speed engine rises 
to perhaps 550 or even 000 lb. per square inch, while in the 
heavy-duty engines it is only ,5.50 lb. or even no more than tho 
compression pressure. The best injection-air pressures are found 
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to be from 1,000 to even 1,200 lb, per square inch for the high¬ 
speed engines and generally about 800 lb. per square inch for the 
low-speed engines. These differences arc due to the conditions 
of working. From the high-speed engine the highest possible 
power output for a given piston displacement is desired, while 
in the ca.so of the low-speed engine, reliability and economy are 
the main objects sought. 

In any case the lowest possible injection-air pressure that will 
give the results wanted is the best. The lower the pressure, 
the easier the duty on the air compressor and the less the chilling 
effect on the combustion in the cyliiuler, duo to the expansion 
of the air. With a new type of engine the best method to be 
pursued is to run a series of tests with gradually increasing sizes 
of nozzle.s and varying injection pro.ssures with each nozzle. A 
point will .soon be found where increased size brings no advantage, 
and that size with the proper injection pressure is the one to bo 
adopted. 

At full power the engine will run with a wide variation in 
injection-air pressure and the economy will not be badly upset 
unless an extreme pressure is used; but for light loads the avail¬ 
able range of pressure is very short because too great a pressure 
will give such a chilling effect that the temperature in the 
immediate vicinity of the fuel blast will bo lowered to the point 
where no ignition will result, and too low a pressure will atomize 
the fuel. In fact, with a very low pressure there is danger of 
burning the spray-valve scat or even doing more serious damage. 
It is, therefore, never advisable to drop the injection-air pressure 
below S.nO to (>60 lb. per siiuare inch under any circumstances. 
The available range of pressure at the low end of the scale is 
perhaps 50 to 100 lb. per square inch. For full-load conditions, if 
the very best pressure is, say, 850 lb., acceptable pressures would 
probably range from 825 to 900 lb. The economy is more seri¬ 
ously affected by a reduction in pressure than by an increase. 

In order to overcome some of the difficulties just mentioned, 
certain engfne builders arrange to have one-half of the cylinders 
cut out at very light loads. This increases the load on the other 
cylinders enough to give regular ignitions and not only is the 
engine less sensitive to a variation in spray-air pressure, but 
incidentally greater accuracy of governing is secured. Some 
builders even go a step farther and vary the spray-valve lift 
with the load, which practically eliminates any sensitiveness due 
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to injoctioii-air pressure variations. Under these conditions 
there is little difference between the best pro.ssure at full load 
and at light load, but this Ls under the control of the governor 
and does not need to worry the operator. 

Marine Diesel Air Pressures. —The marine engine case 
presents greater difficulties than the stationary since the propul¬ 
sion power decreases appro.xiniately as the cube of the ship’s 
speed and the revolutions oidy directly. It Is customary to fit 
rather large air comi)rcs.sors in order to have a 8uri)lus capacity 
for refilling the starting-air tanks and also to provide a margin 
for reduced-speed running. As the .speed i.s reduced, the total 
time that the spray valves are open during a .si'cond or a minute 
is the same, and comsequcntly with the same air pre.ssure the air 
consumption is constant in spite of the reduction in speed. The 
reduced air pre.ssure which is ii.sed leduces the consumption to a 
certain extent, but since the production i.s only <lire('lly propor¬ 
tional to the .speed of revolution, a point is reached at from one- 
third to one-half speed where the supply fails to keep up with 
the demand. By this time the power required has also dropped 
to such an extent that ignition troubles begin, so that this 
becomes the lower operating limit for practical purposes with con¬ 
stant time of opening injection valves. With special care and 
a skilled operator this limit can be lowered, but under ordinary 
conditions one-third speed i.s about the limit. In most cases 
this is no disadvantage whatever since the full speed is generally 
ten to twelve knots and one-third of these speeds is barely 
stcerageway. To expre.ss it in another way, a marine engine 
operates at nearly full power and speed most of the time, and 
provided it can be slowed down on occasion and can be maneu¬ 
vered satisfactorily, all requirements will be met. 

Finding the Best Pressure. —The simple.st method of determin¬ 
ing the best injection-air pressure is to watch the exhaust 
temperature. Without a doubt, the exhaust-temperature ther¬ 
mometer is one of the most important instruments used around an 
oil engine, because no matter what happens to upset the combus¬ 
tion, the result is immediately registered on the thermometer. 
The operator may need all sorts of instruments and special tests 
to locate the trouble, but the exhaust temperature, if watched 
and compared, never fails to give a warning when something is 
wrong with the combustion. Consequently, the way to find the 
best injection-air pressure for a given set of conditions is to vary 
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the pressure and watch the thermometer. When it registers 
the lowest, record the pressure for future reference and use; once 
determined, it will always hold until some condition is changed. 
The whole procedure is so simple that there is no excuse for an 
operator not knowing the best prc.ssure for any condition. It 
would be sufficiently important if it were only a question of 
economy, but it means reliability as well. Poor combustion 
and the resultant high exhaust temperature invite trouble all 
around. 

Adjustable Fuel Valve Timing—The usual Diesel engine 
fuel valve is designed with a constant period of valve opening, 
regardless of load conditions. In the Otto-type explosive 
engine the efficiency of the engine depends on the maximum 
explosive pressure. With the Diesel engine the efficiency 
depends both on the condmstion pressure, which should be 
identical with the maximum compre.ssion pressure, and on the 
duration of the fuel injection. It is very clear that with load 
changes the time during which the fuel is injected .should also 
vary. Since the rate of cond)ustion should be constant, the 
period of injection must vary if the greatest possible efficiency 
is to bo secured. Furthermore, a factor of operation also enters 
into the problem. On low loails the amount of oil is small and 
will be entirely blown into the cylinder long before the valve 
closes. The balance of the valve opening period is taken up with 
the injection of high-pressure injection air. This air assists in 
no way toward the combustion. For the.se reasons sevei-al 
builders, including the Busch-Sulzer Co. have adopted a form of 
injection-timing control. 

Timing of Fuel Valves.—In timing a fuel valve the engine is 
pinched over until it is .several degrees ahead of the desired point 
of fuel-valve opening. The air-line valve is “cracked,” giving 
about 75 lb. air pressure on the fuel valve. The indicator plug 
is removed, and the engine is slowly barred over until the tram¬ 
mel cuts the opening mark on the flywheel. The injection valve 
should now start to open, as evidenced by the sound of injection 
air blowing into the cylinder. If the valve opens before the 
mark is reached, the rocker clearance can be increased, producing 
a later opening. If the valve opens late, the clearance can be 
reduced. The engine should bo barred on to the closing mark, 
and the sound of the escaping air should cease as the mark is 
reached. Since the roller clearance has been altered to make the 
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opening earlier, the closing point will probably be late. It then 
becomes necessary to turn llu' engine back ahead of the valve 
opening mark and shift the cam nose. The no.se should be 
shifted to produce the required oi)ening with the roller clearance 
correct. Then, on checking the closing point, it should either 
be correct or early. If the latter, the nose must be shifted back 
a trifle and the roller clearance made less. This should produce 
the required opening and closure. If the nose is excessively 
worn, it is impossible to obtain a correct liming, and a new nos(> 



Tm. 230. - SettniK fuel valvo_tjy ilial gaKo 

must be secured. This method works very well with small 
engines, but in the case of a large engine in which the cylinder 
volume near the time of fuel admission is quite large relative to 
the area of the hole through the indicator cock, a .slight movement 
of the piston causes quite a rush of compres.sed air through the 
indicator cock and it is not always pos.sible to determine the 
exact point of spray air admission. * 

There are several other ways of determining the exact time the 
valve lifts from its seat. An approximately correct method is to 
start revolving the cam roller when the cam toe is just about to 
make eontact. When contact between the cam and its roller 
has progressed sufficiently to jam the roller .so that it cannot be 
turned, the valve may be eonsidered open. This method is not 
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accurate, as the clearance in pin bearings, deflection in levers, 
etc., may result in the valve leaving its seat an appreciable time 
after contact between cam and roller is made. 

The most satisfactory method of all is to make use of a dial 
test indicator such as is generally employed in machine shops. 
This instrument is shown in Fig. 230. The instrument may be 
used on its base, or the arm B may be removed from its holder 
and clamped to any stationary part of the engine structure near 
the valve being set. Pointer A is placed in contact with the 
valve stem and any movement of the stem will be registered by 
the hand on the dial. The dial can be read to one-half of one- 
thousandth of an inch, so the exact point of opening of the valve 
is easily determined. By this method all error due to lost motion 
in the valve gear is avoided, as only the actual valve movement 
affects the indicator. 

Having set the valves to open at the correct point as called for 
by the builder’s valve diagram, the time of closing and total lift 
should be measured just as a matter of record. If the dial test 
gage is used, the maximum lift may be read directly from the 
dial. The same measurements should be taken for the astern 
cams. 

Checking the Valve Settings with Indicator Diagrams.—After 
the fuel valves have been timed the engineer should apply an 
indicator to each engine. Any difference in the diagrams should 
be investigated for it is possible that variation in the cam outline 
or in the roller clearance is the cause of the difference. It is not 
an unusual thing for the spray valves on an engine to vary as to 
time of opening. If each valve is set to open, say at 5 deg. before 
top center, it may be found upon taking indicator diagrams that one 
or more valves may be slightly late or slightly early and it may 
be necessary to vary the times by as much as one degree in order 
to get a good combustion line. 

Worn Cams.—Due to cam outline sometimes the rocker roller 
does not follow the cam but jumps, causing ridges beyond the 
cam nose. This is also traceable at times to the valve spring 
being too weak or to the stem sticking. 

Worn Needle Seat.—If the valve spring is too stiff the needle 
will close with too great a blow followed by rebounding. This 
results in the valve seat pitting and wearing beyond hope of 
rereaming. Likewise with a weak spring there is often a tend¬ 
ency for the needle to delay closing and finally closing with severe 
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blow. The engineer must experiment and determine the spring 
pressure that will cause the needle lock-nut to remain in eontael 
with the rocker arm as the needle closes. 

In case of wear of the seat the no.se of the valve housing, if 
not of the renewable type can bo cut off and a new nose made. 

Back Lash.—The camshaft gears are not immune to wear, 
and in the course of 5 to 7 years of constant service the back lash 
between the gears becomes noticeable. The clearance between 
the gear teeth has a very detrimental effect on the injection cam. 
As the cam nose contacts with the valve rocker roller, the pres¬ 
sure that the spring offers against the rocker movement is con¬ 
siderable. As the roller travels over the surface of the cam no.se 
and starts down along the back slope, this spring i)ressurc forces 
the camshaft forward, causing the valve to close early. Since 
the wear is between the teeth, the camshaft is already Ix'hind 
its exact timing with the engine shaft, and con.sc(iuonlly the 
opening of the fuel valve is late and the closure is early. A new 
cam nose of greater length will partially ovei'come the defect, 
but new gears should be ordered to replace the worn ones. 
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FUEL PUMPS 

Typks. Adjustments 

Fuel Pumps.—While iMljustnicnls of a Diesel fuel pump are 
not of /recpicnt occurrenoo, nevertheless, this particular part of 
the eiiffine is of vital importance. The succe.ssful operation of 
a Die.sel depemls, in a great measure, upon the accuracy and 
reliability of the pumping mcchani.sm. When it is considered 
that on a 100-hp. cylinder, operating at 200 r.p.m. or 100 power 
strokes jan- minute, the volume of a .single full-load fuel charge 
is less than 0.2 cu. in., the nccc.ssity of accurate pumping is 
apparent. Since the usual speed regulation requirement is 2 
per cent on each side of normal, the extreme variation that is 
permissible in the volume of a single injection at a given speed 
is 0.004 cu. in. The pump, then, must be not only correct in 
design but also absolutely high-grade in the workmanship in¬ 
volved in its actual manufacture. 

As has been previously outlined, two types of fuel injection 
arc in use; the open- and the enclosed-nozzlc type. The fuel 
pumps follow the same classification. First, the pumps on 
engines employing the closed-nozzle find valve must be con¬ 
structed to resist a pumping head e(piivalent of more than 1,000 
11). per squai'e inch. I'his demands rugged construction and 
absolutely leak-proof pump valves. The governor control, 
where the control is through the pump plunger, is called upon 
to withstand .severe stresses. The open-nozzle fuel valve offers 
but slight pressure resistance to the pump discharge; conse- 
(piently the pumping head consists of merely the pipe and check 
valve resistances, which are negligible. This fact enables the 
fuel pump to be designed with direct control of the pump plunger, 
with but slight reactions on the governor. 

Types of Fuel Pumps.—Fuel pumps may l)e separated into 
three types or classes. The first of those covers the pump designs 
wherein the stroke of the fuel pump plunger is changed to meet 
the load variations, in this way controlling the amount of fuel 
handled by the pump. 
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The second class includes those pumps in which the suction 
valve is held open during a portion of the pump plunger’s delivery 
stroke. In this way part of the fuel drawn into the pump plunger 
cavity is allowed to flow back 
through the suction valve. Oidy 
the oil handled by the pump during 
the latter part of its pressure stroke, 
and after the suction valve has 
clo.sed, is forced into the .spray 
valve. 

The third type or chuss includes 
those pumps having a separate by¬ 
pass valve, which by-pa.sses part 
of the oil handled by the pump 
back into the suction line. 

American Diesel.-- The numer¬ 
ous American engines that are still 
in .service are erpiipped with tiu' 

Bagtrup governor and fuel pump, 
appearing in Fig. 231. The mech¬ 
anism consists of a pump body, in 
which reciprocates the plunger, on(‘ 
plunger for each engine cylinder, 
the plunger being driven l)y an 
eccentric mounted on the pump 
shaft. This shaft carries a gear 
which is actuated by a train of 
gears from the engine crankshaft. 

The suction valve is mechanically 
oixjrated, by means of a bell-crank 
B and reach-rod A, from the plun¬ 
ger eccentric strap. The bell- 
crank fulcrums on an eccentric 
shaft C controlled by the governor 
sleeve. The suction valve is op¬ 
ened during the suction stroke 
and part of the discharge stroke. If the load is heavy the ful¬ 
crum pivot is raised, allowing the suction valve to close early; 
the fuel then is forced out through the discharge valve into 
the fuel injection valve. On light loads the governor lowers the 
fulcrum causing the suction valve to remain op(m for a greater 
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part of the plunger stroke; the oil then passes back through the 
suction valve. 

The reaction of the governor sleeve is heavy, and the speed 
regulation is not as close as is demanded in electric plants. In 
starting the engine a hand crank is provided which allows thefuel 
line aTid injection valve to be charged before the engine is turned 
over. 

Adjustments. Setting Suction Valve. —In setting the suction 
valve the governor should be blocked to the mid-jjosition and 
the particular pump plunger placed on the upper dead-center. 
The suction valve lever should then clear the suction valve stem 
Ijy 3^2 in. This clearance can be secured by altering the length 
of the lever reach-rod A, which has turnbuckle ends. The gover¬ 
nor .sleeve should then be raised to its highest position and if the 
valve lever is not holding the suction valve open a slight amount 
the reach-rod should be readjusted to make it do .so. 

Leaky Valves.- The suction valve, being of the popixd type, 
fnapiently leaks. The proper imdhod of regrinding is to nunove 
the valve and cage. Disa.s.scmbiing, th(^ spring is n'lnoved and 
the valve coated with emery flour and va.seline and again |)laeed 
in the cage. A nail thrust through th(‘ cotter opening make.s a 
convenient handle with which to turn the valve. 

Discharge Valves. —The discharge line has two ball valves. 
When the oil is clean and free from dirt, little trouble is cxp(!ri- 
enccd. The chief attention is given to the valve seats. These 
seats tend to wear rounded, making a poor seal. When the 
seat is in this condition, it should be reamed to the correct 
45-deg. angle; in this work the reamer must not chatter, or 
the scat will not bo oil-tight. The lift of the valve should not 
exceed j-fe If it is greater, the ball valve will be slow in 
seating and will allow part of the oil to flow back through the 
valve opening. With heavy oils the seating is so slow that a 
small helical spring becomes necessary. 

Levers and Pins. —On these old engines the pump levers and 
pins are generally badly worn. An engineer, when this condition 
exists, should promptly ream the pin bearings to a larger diameter 
and turn up new pins to conform. For this work an expansion 
reamer is desirable in order to handle all the various size pin 
bearings. 

Busch-Sulzer Type B Diesel Fuel Pump. —While the mechan¬ 
ical details differ, the Busch-Sulzer Type B Diesel’s fuel pump 
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follows the same principle as does the American cngiiu! just dis¬ 
cussed. Figure 232 i,s a ero.s,s-sce(ion of the 'rype B pum|), .show¬ 
ing one plunger. This is along de.signs adopted hv the majority 
of European and English Diesel huild<‘rs. In this construction 
the plung('r A is driven by an eeeentrie li keyed to the vertical 
governor shaft 'Pile suction valve is meelianieally operated 
by a dog F, which swings on an eeei'nlrie (!. This eeeentrie is 
mounted on a small shaft controlled by tin' governor K tbroiigh 



a linkage J and bell-crank / shown. Tin: suction valvi' i)lunger 
D is also driven by a fixed eccentric E on the vertieid governor 
shaft, being ISO dog. behind the pump plunger eccentric. In 
Fig. 232 the pump plunger is at the end of the delivery stroke 
while the suction valve plunger is at the e.xfrenie inner |)osition. 
As the governor shaft revolves, at one-half (uiginc speed, the 
pump plunger moves to the end of its suction stroke; the suction 
plunger moves outward, lifting the suction valve off its .seat; this 
allows the fuel to enter the pump cavity. As the pump plunger 
reverses and moves on its delivery stroke, tiu! suction valve 
remains open, the oil flowing back into the suction line. At a 
stated point in the pump plunger travel, the suction idunger 
moves out of contact with the dog F; the valve now elosiw and the 
oil is forced out through the discharge value. If the load 
decreases, the rising governor sleeve shifts the center of the eccen¬ 
tric dog bearing. This allows the valve |)lunger to remain in 
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contact with the suction valve for a longer interval, which per¬ 
mits more of the fuel charge to flow hack into the suction linn. 

On these engines there i.s a pump plunger and suction valve 
plunger for each engine cylinder. It is possible to u.se only one 
suction valve plunger, but this individual suction valve mechan¬ 
ism offers opportunity for a (doser adjustment of the functioning 
of each pump. On .some of the four-cylinder engines the four 
plungers arc arranged in a single row, while on other there are 
two .sets of two plunger cavities each, placed end to end with 
the valve block in the center. 

This fuel pump gives the closest po.ssible speed regulation 
while the reaction on th(^ governor is at a minimum. The resis¬ 
tance offered to the movement of the governor sleeve consists 
of the suction valve spring compres.sion. 

Filling the Fuel Pump. —To facilitate charging the pump and 
discharge line with oil, an eccentrics shaft L is providcnl. This 
shaft is rotated by means of a hand levc'r, and, by .so doing, the 
dog F is raised to its maximum lift. This lifts both tine suction 
and discharge valves. 

Stopping the Engine. —A less angular travel of the eccentric 
shaft Jj lifts only the suction valve. This relieves the pumps of 
the oil charge, and the engine sto|)s from the lack of fuel. 

Setting Pump Valves. —The four i)Iunger pumps deliver the 
fuel to the four cylinders on all four cycles, i.e., suction, comi)res- 
sion, expansion and exhaust strokes. In timing the pump and 
the suction valve opening, the engine is slowly turned over, and 
the inner and outer dead-centers of the pump plunger eccentric 
arc marked on the i)lunger. The engine is then turned over 
until the pump plunger is Ke Irom its discharge dead-center. 
The suction valve plunger, or regulating plunger, has at this 
point moved away from the dog or bell-crank, which leaves its 
contact with the suction valve stem. The suction valve plunger 
should be adjusted to give a clearance of 0.002 in. between the 
clog and valve stem when the pump plunger is in the position 
mentioned. In setting the valve, the governor collar must bo 
central. In a two-plunger pump this means that the collar must 
be in the mid-point of its travel, while with a four-plunger pump 
the collar must be on its bottom position; to obtain the latter 
the governor springs must be removed. 

Pump Valves. —The engineer need give but slight attention 
to the pump other than to the valves. Both the suction and 
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(iischiirt'c valves wear rai)i(lly, as may 1)0 expected of any type 
of pump valve when dirty oil is handled. In regrindiii)!;, emery 
flour should be used, placing a very small (piantily on the valve 
face. In some engines the discharge valves spring continually 
breaks. It is hard to determine llu' cause; at times a lighter 
spring relieves the trouble while on other i)umps a heavier spring 
is recpiired. 

Type C Fuel Pump. The pump u.s('d on the Buseh-Sul/.er 
Type (i Iwo-stroke-cyele Die.sel is of th(' same general design as 
the Typi' B ])ump, although difTerent in details. 

McIntosh & Seymour Diesel Full Pump. Th<' first, Die.sels 
manufactured by the .McIntosh & Seymour Corporation were 
eipiipped with find pumps somewhat after the de.sign appearing 
in Fig. 2.32. 'I'hi^ engines were four-cylinder units, and the fuel 
pumps had two pumping plungers, one plung('r for each pair 
of cyliiuh'i's. The fuel from one plunger cavity pa.ssed through 
the di.seharge valve and pipe line into a block, called the dis¬ 
tributor. This block contains two pa.ssages connecte(l to the 
fuel lines leading to the two fuel injection valves. 'I’he cro.ss- 
.seetions of these passages an^ controlled by needle valves. The 
fuel, entering thi‘ distributor, divides into two streams; tlu^ 
neodh^ valves allow the operator to |)roi)erly proportion the two 
oil streams. 

The op('rating dillicully of this pumping .system lies in the 
inability of tbe ('iigineer to regulat(^ th(! distribution of tin' fuel 
on varying loads. A setting of the needles that is correct for 
fiK'l load will not give the proper regulation at low loads since 
the resistances of the passages vary, due to a smaller ipiantity 
of oil entering the (listril)ulor. Ancdher factor that prevents 
proper proportioning of the fuel is the |)artial clogging of on(( liin,'; 
this throws almost all the oil into one cylinder. 

With this form of pumping mechanism it is imperative that the 
oil is filtered to prevent the clogging of a distributor. Further¬ 
more, the fuel v.alvc.s must be kept in perfect condition sinc(( 
the smallest leak in a fuel injection valve lowers the resistance of 
this particular fuel line, allowing this cylinder to receive too large 
a proportion of the fuel from the pump. 

'I’he fuel pump, mentioiu'd above, gave way to a de.sign w'hich 
is shown in Figs. 233 and 231. Fnlike the distril)utor type 
pump which followc'd Sulzer Bros, patents, Fig. 23ti is (d exclu¬ 
sive American design. This pumping apparatus consists of 
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two puiniw, sot at right angles, each being an outside packed 
doublc-phinger pump. The eccentric strap E driving the two 



Fiu. 234.—McIntosh & Seymour fuel pump. 


plungers is mounted on an eccentric D, and the governor acts 
directly on the pump plungers, in this way regulating the amount 
of fuel pumped by varying the plunger stroke. The reaction on 
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the governor of direct plungcr-oontrolled pumps is considerable. 
McIntosh & Seymour partially avoid this by using two eccentrics; 
the eccentric I), controlled by the governor, drives the pump and 
is mounted on a second eccentric H that is k('yed to the vertical 
governor shaft (’. It is apparent that this olTers a mon- accurate 
regulation of the pumj) stroke and a greater reduction in the 
reaction on the governor than can be secured by a single eccentric. 

The pumj) suction valves are located below the discharge 
valvc.s, being removed through the di.sch.arge valve opening. 'I’ho 
latter valves an? .accessible by the removal of the valve cap or 
plug ti. lielow the suction valves of the two pumps is placed a 
shaft II, which has two milleil cain.s, as shown in the cross- 
.section. During the functioning of the pump the suction valve 
stems clear the shaft by means of the depri'ssions in the shaft. 
Itotation of the shaft lifts the suction valve, thendjy filling the 
pump with oil. 

Pump Valves, .\fter continued regrindings of the suction 
valve, the stem may touch the cam at it s lowest posit ion. This 
cocks open the valve, i)revcnting any fuel reaching the injection 
v.alve. (Irinding the end of the stem will allow it to clear the 
cam. This same troubli! fre(|uenlly occurs in regrinding the dis¬ 
charge valve, causing it to strike the suction valve. The clear¬ 
ance Ix'tween the two should be ap|)roximately in. 

The valve springs at times break. This is probably due to 
fatigue; replacement by a spring of smaller wire in most ca.scs 
seems to remedy this trouble. The discharge valve should bo 
allowed a lift of at least t).l)2o iu. The valves hav<‘ a till-deg. 
slope. In regriuding moiv care is neee.s.sary than with a 45-deg. 
valve scat. 

The discharge-valve ca|) is sealed with a metallic gasket. 
This gasket must be ab.solutely clean to avoid leaks. Lcaiks 
around the valve cap are imcxcusable in j)umps; not otdy is the 
dripping oil unsightly but it also impairs the engine regulation. 

The plunger stuffing-box glands are best packed with shredded 
lead or vulcanbestos. Watch etigineers should be cautioned not 
to tighten up on the glands with too great a j)ressure. This 
binds the pump plunger, scoring it and increasing the governor 
reactions. 

Fuel Pump Timing.—The fuel pump and eccentrics conu^ from 
the factory properly timed, and no change is neces.sary. In 
case it appears that the eccentric has slipped, the best method of 
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checking tlic setting is to place the engine with the piston of 
No. 1 cylinder on bottom dead-center, just starting the compres¬ 
sion .stroke; in this position the pump plunger should be at the 
end of its delivery stroke. 

McIntosh & Seymour Marine Diesel Fuel Pump.— The Four- 
stroke-cycle trunk piston Marino Diesel of this make is equipped 
with a fuel pump along somewhat similar lines. In this pump, 
Fig. 235, six plungers, placed horizontally, are operated by 
eccentrics mounted on eccentrics. This .second set of eccentrics 
is keyed to the pump shaft, which is moved lengthwise by means 
of the manual control lever. These eccentrics arc made with 
their axes at angles with the eccentric shaft center line. Shifting 
the shaft lengthwise increases or decreases the travel of the pump 
plungers; the travel of the plungers can be completely cut out by 
reducing the eccentric throw to zero. The longitudinal move¬ 
ment of this pump shaft is accomplished by the control lever 
through the air-starting control shaft, as has been discussed in 
Chapter VIII. 

As a precaution against overspeeding, a governor is mounted 
on the pump shaft in the extension of the pump and operates, 
through a linkage, a small shaft A , which rai.sos the suction valves. 
In order to allow a single cylinder to be cut out at will, a hand- 
lifter is provided for each suction valve. Another feature of 
excellence is the glass cup on the fuel suction line. This shows 
when the line is empty. To prime the engine when the engine 
is stopped, a handwheel is placed on the pump shaft, a tew turns 
of which fills the suction line and pump cavities. 

Fuel Pump Timing. —For each cylinder, the pump plunger 
must be at the end of its delivery stroke when the piston for that 
particular cylinder is at bottom dead-center, just beginning the 
compression stroke. The linkage to the control lever must be 
adjusted to give the pump plungers zero travel when (he control 
lever is at both the start and stop positions. 

The six-cylinder box frame Diesel of this make has a fuel pump 
that in principle is the same as the one shown in Fig. 233, but 
differs in construction. Each cylinder has a separate fuel pump; 
the six pumps are set on a ring around the governor shaft and 
the plungers are driven from the eccentric by connecting rods. 
The suction valve is raised by moving a wedge ring so that the 
valve stems are raised. 
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The crosshcad type marine Diesels have a fuel pump of a design 
similar to J'ig. 235; the largo stationary engines have ))umpa 
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similar to Fig. 233 but these an; mounted on the base close to 
the camshaft and the governor is on this shaft. 

McEwen Diesel Fuel Pump.—The McEwen Diesel has an 
open-nozzle fuel valve; consequently the pump is a departure 
from the designs already discussed. As will bo noted in Fig. 
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230, the pump, for a .single-cylinder engine, consists of a plunger 
housing, to which is bolted the valve body, and the pump plunger 
with actuating inechanistn. In action the cam, through the 
rocker D, moves the pump plunger E to the left, which action 
forces the fuel charge out through the di.scharge line to the fuel 
injection valve. As the cam in turning rclea.ses the thrust on 



the rocker, the plunger spring forces the plunger to the right; 
this draws in a charge of oil through the suction valve. The 
pump plunger on this stroke moves to the right until it strikes 
the governor wedge C. The length of the plunger stroke deter¬ 
mines the amount of oil entering the cylinder. The governor 
is linked to the wedge C and, as the engine speeds up, shoves 
the wedge farther in, decreasing the distance from the wedge to 
the face of the plunger slot. This reduces the plunger stroke. 
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Tills pump is one of the simplest in use and has the advantage, 
as have all wedge-goveniored pumps, of offering but slight resis¬ 
tance to any governor movement. The reaction on the wedge 
is merely that due to the plunger spring tension when the wedge 
is in contact with the plungi'r. 'J'his is slight and occurs only 
at the point of e.xtreme suction travel of the iilunger. Asa 
conso(|uoiice, the governor can be light and e.xtremely .sensitive. 
This is of distinct advantage in alteriiatiiig-currcut work, or in 
any other work necessitating clo.se regulation. 

Pump Valves.-- Both suction and discharge valves are of the 
poppet wing type with seats having a titl-deg. .slo|)e. In regrind- 
iiig the.se valves, the discharge valve must not be lowered enough 
to prevent a proper lift of the suction valve; this should be at 
least l).l)3 in., while the dischargi' lift works be.st with a lift of 
around t in. 

Pump Plunger. The plunger has no st ufling-bo.x, la'ing pro¬ 
vided with sealing grooves. Since the pumping lii'ad is very low, 
but little leakage will occur even though the pump sleeve is 
considerably worn. 

Pump Timing. -The pump cam is keyeil to the engine lay- 
shaft and re(|uire.s no alteration in timing. However, the jiunip 
plunger should be at tla; end of its discharge stroke when the 
engine piston is on out dead-center, just starting the compre.ssion 
stroke. 

In .setting the governor wedge for no-load conditions, after the 
weights are thrown out to their greatest travi'l, the wedge should 
be moved in until the slot is in contact with the thickest part of 
the wedge. Then after throwing the piimii plunger to the end 
of its discharge by turning the engine over, there should bo not 
more than 0.01-in. play betwi'cn the wedge and the inner edge 
of the slot. This is the position of the wedge when no fuel is 
pumped. For full-load condition, at which event the weight 
arms arc at their maximum position, the wedge should have 
moved in the slot so that the slot edge just strikes the wedge at 
the point where the wedge .slope begins. This point should be 
2}4 in. from this first or no-load position. 

Snow Diesel Fuel Pump.—The Snow horizontal Die.sel engine 
has a fuel pump designed with wedge control. This pump, 
which appears in Fig. 237, has the plunger in two sections. The 
driving end of this plunger is hollow and carries the .slot for 
the wedge. It is also provided with a pin which bears against the 
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eatn lever roller at all times, being held by a compii'sscd spring. 
With this design, on short plunger strokes, as on low load, the 
roller does not strike the plunger end when traveling at maximum 
speed. Instead the plunger pin moves in, being resisted by the 
spring, until the spring compression overcomes the pump plunger 
resistance. At this point the pump plunger starts on the delivery 



stroke. The? result is a quiet pump with a minimum of w(‘ar and 
shocks on the mechanism. The plunger wedge is fastened to 
the reach-rod A, which is under control of the governor. 

Pump Valves—The pump valves are of the ball tyt)e. In 
case leaks develop, a hardwood stick can bo placed on the ball 
and struck a light blow with a hammer. This will give the ball 
a new seat on the housing. In event the ball is scored or rough, 
the only remedy is replacement with a new ball; even here the 
ball must be given a new scat in the housing. The ball valve, 
if it has any great amount of lift, is sluggish in closing. A lift 
for a pump-ball valve ought never to exceed J-le in. If more 
than this, a light coil spring should be inserted above the ball 
to quicken its action. 

Timing the Pump.—In adjusting the pump plunger for no-load 
and full-load strokes, the reach-rod A should be adjusted to 
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allow the phinger to touch the wedge at the begiuiiiiig of the 
wedge slope, when the goveinor is at its lowest position, which 
is the full-load condition. For no load, wlu'n the governor is 
blocked open, the wedge should have mov(>d to a position where 



the plunger has a slight clearance bctwe('n the slot edge and the 
wedge, on the inner position of the pump plungcu’. 

Allis-Chalmers Diesel Fuel Pump.—The fu('l inimp used on 
the Allis-Chalmers engine is shown in Fig. 238. The pump 
plunger is actuated, through a rock-shaft D and the connection 
rod C, by the fuel cam below the pump. The plunger rock-shaft 
D is fulcrumed at E on the lever F, which is undc'r control of the 
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governor through the reach-rod G. As the engine speeds up, the 
reach-rod moves downward; this raises the fulcrum pivot E. 
This motion of the fulcrum raises the pum|) plunger A until its 
end is above the by-pass slot // at the end of the suction stroke 
since the plunger spring holds the rod C in contact with the cam 
li. As the cam rotates, the plunger receives a constant stroke, 
but, since part of the stroke occurs before the by-pass shjt is 
covered l)y the plung(;r, t)ie first portion of the oil displaced by 
the plunger flows through the slots //. As soon as the plunger 
passes the slots, the oil below the plung(n’ is forced through the 
discharge valve to the atomizer. Since an open-nozzle fuel valve 
is employed in connection with the pump, the latter has but the 
pipe resistance to overcome. The governor, then, is called upon 
to oppose only a .slight reaction and consc(iuently can be sensitive 
without danger of hunting. 

The cam connection rod C is provided with a special head 
having adjusting set-screws. Proper manipulation of these 
set-screws will alter the effective stroke of the pump plunger. 

In stopping the engine the hand lever is raised, allowing the 
release band J to grip the lock I on the rod ('. Thi.s prevents 
the rod from dropping into contact with the cam. In starting, 
the handle is used to prime the pump. 

The pump is fitted with a plunger and rocker mechanism for 
each cylinder of engine, with individual cams on the layshaft. 

Fulton Diesel Fuel Pump.—Although the Fulton Diesel has 
closed type fuel valves, the amount of fuel handled by the pmnp 
is altered by a change in the stroke' of the ))ump irlunger. How¬ 
ever, no great reaction is thrown upon the governor since the 
pump stroke is changed during the suction period. This is 
.shown in Fig. 239. The pump is a steel body containingaplunger 
cavity and check valves for each engine cylinder. The pump 
plungers li are moved by individual eccentrics A, which are 
morintcd on the camshaft. The plungers arc not fi.xi'd to the 
eccentric strap, but the latter carries a sleeve (' which is fitted 
with a latch 1). With the pump plunger in the position shown 
in Fig. 239, the rotation of the eccentric forces the plunger down¬ 
ward, delivering oil to the engine cylinder. The latch during 
this time rests under the collar D. As the eccentric stroke 
reverses the latch D by engaging the plunger collar lifts the pump 
plunger. The eccentric, latch and plunger then move upward 
until the latch roller F strikes the cam G, whereupon the latch 
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block is disengaged from under the plunger collar />. After this 
the further upward travel of the eeeentrie strap .1 and erosshead 
C has no effect on the plungi'r, the latter remaining stationary. 
On the return stroki' the erosshead (' comes into eontaet with the 
plunger head and forces tin* plunger downward, forcing oil into 
the fuel or .spray valve. The governor, through a rod or shaft 
II, and by shifting the cam i)osition, cau.scs the latch to be dis- 
(uigaged earlier or later as the loail demands, thus allowing tlu! 
pump-suction strok(' to bi' long or short. The latch is (piite 



similar in arrangement to the disengaging latch block of a ( airli.ss 
valve gear. 

The pumj) has two poppet sleeve valves on each discharge 
connection while one wing-type poppet valve is provided for the 
suction. A hand plunger is fitted to allow priming before start¬ 
ing. 'J'o stop the engine the hand wheel J or the lower hand 
wheel connected to the shaft K rotati's the cam L, which in turn 
throws the cam G to its earliest position wh('re the latch is com¬ 
pletely out of contact with the plunger collar. 

This is as accurate a measuring devica; a,s used on any Diesel, 
and the fact that the governoring mu.st be dorn; on the suction 
stroke of the pump plunger somewhat early for close regulation 




336 


DIESEL ENGINES 


of the fuel into any particular cylinder, does not affect the speed 
control of the engine to.any objectionable degree. 

Cramp’s B. & W. Diesel Fuel Pump.—The fuel pump of the 
liurmci.stor and Wain Marine Diesel is shown in Fig. 240. In 
I his the pump suction valve lift is altered by changing the 
))o.sition of the eccentric shaft upon which the lifting dog rests. 
Fach engine cylinder is provided with a .separate fuel pump. 



]’ia. 240.--C’ranii/b IJ. ^ \\\ fuel imini). 


The pump plunger A is driven by an eccentric on the engiin^ 
camshaft. The link B through a bell crank and the rod C opens 
and closes the suction valve by means of the valve dog as shown. 

De La Vergne FD Diesel Fuel Pump.—Figure 241 is an external 
view of the fuel pump used on the FD engine. The governor 
acts upon a by-pass valve a through a system of levers. The 
fuel charges are controlled by the movement of this by-pass valve. 

Pacific Diesel Fuel Pump.—The Pacific Diesel has the fuel 
pump shown in Fig. 241 A. The action is self evident. 

Nelseco Marine Diesel Fuel Pump.—The fuel pump fitted to 
the Nelseco Marine Diesel appears in Fig. 242. The engine 
speed can be altered by the control lever shown, through a 
linkage which alters the position of the govcinor lever fulcrum. 
The governor then maintains this desired speed by changing the 
period of suction valve opening. The fuel pump consists of the 
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working plunger driven by an eccentric, and the suction and 
discharge valves. The suction valve is held open through 



part of the delivery stroke of the pump, the length of this period 
being under governor control. 
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Timing Fuel Pump.—To adjust the pump procopd as follows: 
Set the fuel control lever at division No. 1 and loek. Bar the 
engine over until some two plungers are at the inner end of their 
stroke. Then adjust the adjusting .screw on (he eorresponding 
suction valves until a piece of |)aper plaei'd between the adjusting 
screw poiid. and the fuel suction valve end is just barely held. 
Adjust all the other suction valve's in (he same way, still keeping 
the fuel control handle locked in the same place. 



National Transit Diesel Fuel Pump.--The fuel pump on the 
first National Transit engines has a diffe'rential plungi'r, the 
upper end being hollow and provided with a cut-off valve, Fig. 
243. This differential plunger is driven by an eccentric keyed 
to the camshaft. The cut-off valve is under control of the 
governor through a link and bell-crank. The pump functions 
as follows: On full load the governor sleeve is as shown in the 
figure; this position is such that the cut-off valve leaves its 
seat on the plunger as soon as the latter starts on the downward 
or suction stroke. The oil is then drawn through the suction 
valve and fills the passag(‘ in the plunger and the chamber A 
above the differential plunger. On the upward or discharge 
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stroko, the cut-off valve being open, the large end of the plunger 
displaces thc^ oil in this chamber and forces it down through the 
plunger and out the discharge valve. On low loads the governor 
bell-crank moves downward; this allows the valve to remain 
seated on thi? plunger during part of the downward stroke. As 
soon as the plung(‘r movt's below this point, the valve rests on 
the bell-crank fingers and leaves its seat. The chamber fills 
with oil, and on the upward stroke the fuel is forced out the 
discharge valve until the i)lunger comes in contact with the cut¬ 
off valve. The cut-off valve then .seats, and all the oil displaced 
by th(‘ further movement of the plunger passes out through the 
overflow valve II at the top of the pump body. 

Pump Valves.—To insure close regulation, the cut-off valve 
seat must be in good condition. Even though it is rather 
unhandy to reach, at least monthly the valve should be removed 
and, if the seat is not smooth, it should be reground. To remove 
the valve, the overflow-pipe joint can be broken and the eheck- 
valv(! cage lifted. 

Timing Fuel Pump.—The phingc'r eccentric is keyed to the 
camshaft, and no change of the timing is necessary. 

In timing the cut-off valve, the valve should just .start to leave 
the .seat as the pump plunger commences its downward^stroke 
when the governor is at rest and the collar in its lowe.st position. 
This is the full-load position. The governor springs should then 
b(> removed and the weights moved to their maximum outward 
positions, which rai.scs the collar to its highe.st point. The cut¬ 
off valve should now be seated on the plunger during the entire 
stroke of the plunger, with the e.xception of about ?iooo in. 
'I'his is the no-load position of the valve. An adjusting lever 
and lock C arc placed on the bell-crank outside of the casing. 
This allows the timing of the valve to be altered to conform to 
the desired .setting. To stop the engine this lever is moved to 
lower the cut-off valve. 

National Transit 1918 Diesel.—The later National Transit 
Diesels are supplied with a fuel pump that, in fortn, resembles 
the pump discussed above but which functions on an entirely 
different principle. This pump appears in Fig. 244. In this 
design the pump plunger is actuated by a rocker and cam in place 
of the former's eccentric and strap. The plunger P is hollow 
and carries at its top the cut-off valve V. This valve has a tri¬ 
angular shank which extends down into the hollow plunger, and 
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the valve is controlled by the fingered or forked lever E. This 
lever is moved by the governor and limits the downward travel 
of the valve V. As the plunger is forced downward on its suction 
stroke by the spring S, the oil enters the; pump body at the open¬ 
ing A and, passing through th(! ports B, enters the hollow plunger. 
Since the lever E has engaged the valve V at some point on the 
downward stroke of the plunger P, this valve is open and the oil 
fills the cavity J. On the upward stroke of the plunger the oil 
displaced flows back through the open cut-off valve V, through 
the ports B and suction opening A, to the source of supply. As 
the plunger continues its travel, it comes in contact with the valve 
V, which thereupon .scats at D. The continued travel of the 
plunger entails a further ilisplacement of oil, which lifts the dis¬ 
charge valve 11 and is forced to the fuel injection nozzle. It will 
be observed that, while with the pump in Fig. 14,5 on no load the 
cut-off valve was clo.sed during the entire plunger stroke, with 
this pump the cut-off or suction valve V is opened during the 
entire plunger stroke when the governor is in the no-load posi¬ 
tion. This change in design eliminates the suction valve and 
the overflow valve while improving the fuel-measuring accuracy 
of the pump. 

Standard Diesel Engine Fuel Pump.—The pump of this 
horizontal two-cycle Diesel engine is illustrated in Fig. 245. The 
fuel pump is a plain barrel B, having a plunger directly under the 
influence of a Rites inertia governor. The barrel and plunger 
A is the air injection control. Both the suction and discharge 
openings have two sets of wing poppet valves. The pump 
plunger is pivoted to a bell-crank which, in turn, is driven by the 
eccentric rod. The eccentric-rod side of the crank has a worm- 
screw adjustment whereby the stroke of the'pump, for any given 
position of the governor weight arm, may be altered. Lowering 
the rod end gives a greater stroke to the pump plunger, and 
raising it, a lessened stroke. In timing the engine a good prac¬ 
tical plan to set the pump stroke for no-load conditions is to first 
lower the eccentric until the engine speeds up above normal. 
Then the eccentric rod should be raised by the screw until, at 
a slight overspeed, the plunger movement is zero. This posi¬ 
tion of the eccentric end should give suflScient stroke to the 
plunger at the full-load position of the governor. 

In stopping the engine the lock screw C is loosened, cutting 
out the pump. Since the engine is two-cycle, the pump works 
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against a much greater pressure than exists with a four-stroke- 
cyclc engine, even though an open nozzle is employed on both 
engines. For this reason the wear on the pump valves is greater, 
and regrinding is more frecpient. The engineer must give special 



attention to the plunger stuffing-box, as a small leakage effects 
the engine’s regulation. 

The Standard Vertical Diesel Fuel Pump.—The fuel pump of 
this two-cylinder vertical engine is quite similar to the pump 
on the horizontal Standard engine. The governor which is a 
Rites inertia shaft governor controls the length of the pump strokes 
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by altorinK tlio throw of tho shaft eccentric through the rocker 
A and reach lod li. I'he rod li is connected to a bell crank 
which is mountiKl on a short shaft carrying a small crank D at its 
other end. This crank D fits into a slot in the plunger crosshead 
as shown by the side illustration in Fig. 240. I'lach engine cylin¬ 
der has its individual fuel pump. Both suction and discharge 
of th(' pump are provided with two valves. 



A hand crank on the rocker A allows a (thange in the pump 
stroke at any given eccentric throw, thereby providing a widc- 
speed range. To stop the engine the detent E is unfastened 
which disengages the rcachrod and so causes the pump action 
to cease. 

In this design the pump is reduced to the minimum number 
of parts. The governor weight is such that th(' reaction of the 
pump shows no effect on the speed regulation. 

Winton Diesel Fuel Pump.- d'his fuel pump Fig. 247 is 
radically different from all other well-known pumps. The fuel 
pump plunger B is driven by the eccentric A. Linked to the 
plunger yoke is a system of levers C moving a crank D, which in 
turn gives the suction control plunger F a reciprocating motion. 
The crank D is mounted upon an eccentric sleeve E which is 
controlled by the governor. 
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The upward or suction stroke of the plunder B causes the 
suction pluiiKPr/'’ to uncover the port S whereupon oil enters the 
pump cavity around the ball-check valve, from the suction line T. 
On the downward pump plunger stroke the oil in the plunger 
cavity is forced into the engine fuel valve. The suction or 
measuring plunger moves to the left, covering the oil |)ort. If 



the load dro])s, the increased speed cau.ses the governor to shift 
the position of the eccentric B. Under these conditions the 
measuring plunger F docs not move as far to the; right and 
returns, covering the oil port, earlier in the pump plunger 
suction stroke. A smaller amount of oil is allowed to enter 
port S. At the extreme high governor position the plunger F 
fails to uncover the port S, thus entirely cutting off the oil to 
the fuel pump. 
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In P'ig. 247 B is shown the position of the plunger F for full¬ 
load conditions at the time the pump plunger is at the top of its 
stroke. It will be noticed that at this load the plunger F fails 
to cover the port S. At no load the plunger F is in the position 
shown in dotted outline; here the port S is not uncovered at all. 

Nordberg Type VE Diesel Fuel Pump.—The VE Diesel has 
the fuel pumps illustrated in Fig. 248. It consists of a pump body 
carrying suction valve A and discharge valve B and a plunger C. 



The plunger is driven by a cam mounted in a layshaft along the 
engine frame. The plunger makes a constant stroke, handling a 
fixed amount of oil regardless of load. The quantity of fuel 
passing out through the pump discharge valve is regulated by 
the by-pass valve D. This by-pass valve is driven by a train of 
gears located at the governor, acting on the cam E. The gover¬ 
nor, as shown in Fig. 249, by means of a reach-rod controls an 
idle mitre pinion meshing with gears on the by-pass camshaft. 
This shaft is in two pieces, the two ends having mitre gears 
meshing with the governor controlled gear shown in Fig. 250. 
A change in the position of the governor sleeve alters the position 
of the governor mitre gear. The shifting of this gear causes 
that part of the by-pass valve shaft that carries the by-pass 
valve cam to move ahead or behind the portion of the shaft that 
is geared to the engine crankshaft. This causes the by-pass valve 
cam to close the by-pass earlier or later as the case may be. The 
amount of oil bv-nassed back into the suction is thus under 
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control and so regulates the quantity actually forced to the fuel 
valve. 



Fkj. 240. -Ciovcrnor und puiiij) ^car. 



Fio. 250.—Mitre gear, Type VE engine. 


Some of the VE engines have the suction valve under control 
and no bypass valve is provided. 
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Nordberg Type FD Fuel Pump.—The FD pump is shown in 
P'ig. 251. The pump is a double unit; that is, it is provided with 
two plunger and by-pass valves so that two engine cylinders are 
supplied with oil from each unit. The pump plunger A is a 
hardened steel rod whose outer end is held in contact with the 
fuel cam on the camshaft by a spring inside the plunger housing. 
The regulation is obtained through theactionof the by-pass valve. 
The valve rod of this valve is fitted with a scotch yoke B. 
A link connects this yoke to an eccentric mounted on the cam¬ 
shaft. The governor is connected to the fulcrum shaft of this 
link and, by .shifting this eccentric fulcrum point alters the stroke 



of the by-pass valve. A hand pump D cnabl(!s the oil lines to be 
primed before starting the engine. 

Later FD Diesels have pumps similar to the typo VE pumps. 

Lombard Fuel Pump.—This pump is rather unusual, consist¬ 
ing as it does of two distinct pumps per cylinder. The first or 
primary pump works against no pressure and is merely a meter¬ 
ing instrument. The stroke of the plunger is controlled by the 
governor and consequently the amount of oil drawn into this 
pump and then discharged into the secondary pump is regulated 
by the position of the governor sleeve. The secondary pump 
receives the metered charge and delivers it, against the injection 
air pressure, to the spray valve. As a result of this division of 
the pumping into a metering action and a high-pressure pumping 
action the governor is not called upon to overcome any great 
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reaction from the pump. The regulation may, then, bo very 
close. 

General.—After the valves of any design of fuel pump have 
been replaced, after grinding, etc., the discharge line .should be 
disconnected from the injection valve, if no l)y-pa.sa valve is 
attached. The pump should then be primed. Thi.s will effect 
the e.scape of any air that might be trapped in the pump cylinder. 
In ca.se the engine, on starting, fails to fire on any particular 
cylinder, the pump is probably air-bound, and the lines must bo 
freed before oil will enter the fuel valve. At times the fuel-line 
check valve leaks, allowing air to flow down the pipe to the fuel 
pump. This will prevent the pump from delivering any oil. 

Valve Grinding.—In grinding any poppet-type valve powdered 
glas.s, or emery flour, and vaseline make the best compound. 
The operator must exercise judgment in th(^ amount of pre.ssure 
exerted on the valve as it is rotatc'd. If the [ux'ssuix' is (‘xeessive, 
the compound will groove the valve faces. 

When a discharge valve or suction valve is under suspicion, 
the best method of ascertaining if it actually leaks is to discon¬ 
nect the discharge line and place on the coupling a high-pressure 
gage. The engine can Ix' turned over until the pump discharge 
pressure registers the usual value, 900 Ib. with closed nozzle and 
about 200 lb. with open nozzle. The etiginc should then be 
stopped and the discharge pressure noted. If it falls, it can be 
taken .as an indication of a leaky valve. 



CHAPTER XV 


GOVERNORS 

Tn>ES. Adjustments 

Governors.—When an engine is carrying a constant load, the 
fuel pump delivers to the engine cylinders just enough fuel to 
enable the engine to overcome the resistance at the flywheel and 
the frictional resistance of the engine itself. This condition 
never exists in a power plant. The load may decrease, with the 
result that the fuel injected into the engine cylinder is greater 
than is necessary to overcome the lessened load. The engine 
would then speed up and wreck itself. If the load increased, 
the fuel charge would be insufficient and the engine would slow 
down and finally cease turning. Some form of fuel control is 
then imperative. On the marine Diesel, when the engineer is 
in constant attention upon the unit, a manual control is provided. 
This consists of some form of leverage that alters the pump 
stroke or the period of pump suction valve opening. Even with 
the marine engine an automatic overspeed device is usual to 
prevent disaster in event of non-attention on the part of the 
operator. The stationary engine receives no such attention 
since the engineer has many other duties to perform. Further¬ 
more, a speed variation permissible on a marine engine cannot be 
allowed in an engine pulling either a central station or an indus¬ 
trial load. To obtain the speed regulation that such loads 
impose the device called a governor is used. 

The close regulation of an engine’s sp(!ed requires that the 
governor must be sensitive to speed changes. To attain this 
object the governor should possess a minimum internal frictional 
resistance, or otherwise too great a speed change will I)e reached 
before the governor overcomes its resistance and moves the con¬ 
trol lever. It is clear that, without any internal resistance, the 
governor would respond to an infinitesimal change in engine 
speed with the result that the speed would be constant, within 
the power of observation. This internal resistance produces a 
sluggishness in the governor action which, can be given a numer- 
360 
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ical value by defining it as the proportion which the change in 
speed necessary to produce the required governor movetnent 
bears to the total speed. That is, if Ni is th(^ speed at which 
the engine has been turning and jV 2 is (he speed the engine attains, 
at a change in load, bcTore the governor acts upon the fuel pump 
then 

iV, - N, 

Af. 

can 1)0 termed the sluggishness of the governor. For many 
kinds of work this value must be as small as possible; a value 
of ' foo is satisfactory in service. To .secure this value the gover¬ 
nor must be free from exce.ssive friction; in other words, it mu.st 
bo sensitive. This, in many forms of governors, produces a 
“hunting” effect wherein the governor is constantly changing 
the position of the weights in order to meet the engine speed 
changes. Since the governor movement always follows the 
change in speed, if the governor is .sensitive it may over-travel 
in meeting a speed increase; this over-travel will cause the 
engine’s revolutions to decrease below normal; the latter then 
produces a governor movement which results in another increase 
in speed above normal. It is neo'ssary that the governor sleeve 
has the .same lifting force in every position for a given change 
of speed. Furthermore, the engine flywheel must be of ample 
size to absorb the speed fluctuations occurring during one cycle 
of the engine. 

To avoid the “hunting” effect mentioned above, some gover¬ 
nors arc fitted with one of many designs of dashpots. Some 
of these dashpots consist of oil cylinders containing a piston 
connected to the governor-sleeve lever, having a passage between 
the two ends of the cylinder through which the oil can pass. 
This provides a resistance to prevent a governor movement 
due to any sudden speed change. The oil flows through the 
opening, thus allowing the governor to cope with any permanent 
change in engine speed. This, of course, makes the engine slow in 
action. 

While the desirable governor must not be sluggish, it docs not 
follow that a sensitive governor holds the engine speed within 
narrow limits on a change from no load to full load unless a 
correct design of pump is chosen. Much depends upon the 
effort which must be exerted on the fuel-pump mechanism to 
bring it from its minimum pumping position to its maximum 
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position. Sitico a largo chango in nngino six'od gives tlio gov¬ 
ernor a niaxinium force to exert on the pump, it follows that 
the greatest permissible fluctuation in engine speed should be 
adopted to give the governor a high work capacity. A 3 per cent 
fluctuation or 3 per cent variation above or below normal speed 
is quite satisfactory for oil-engine governing. It docs not follow 
that this variation occurs on any save extreme load changes. 
In the load changes that ordinarily take place, the fluctuations 
should not exceed 1 per cent since the governor-sleeve travel is 
small on small load chang('s. 

American Diesel Governor.— The governor of the American 
Diesel and the Huseh-Sulzer TyjA* A engines is of the fly-l)all 
typo, 'file two weight arm^ W, which are held by a spring at 
lilt, Fig. 231, act upon a .sleeve A', which in turn raises or lowers 
a Icvc'r L. This lever is connected by the link K to the fuel 
pump suction valves rocker shaft C and alters the period of 
valve opening, as describetl in the preci'ding chaptt'r. 'I'o' 
absorb small speed variations an oil dashpot, not shown, is 
linked to the governor-sleeve lever at J; a spe('(l n'gulator is also 
included, this being in the form of a weighted arm as appears in 
the illustration at T. As a protection in event the governor 
breaks, a .safety-weight arm is fitted to the fulcrutn shaft. This 
weight will pull the shaft into the inoperative position if the 
governor links break. This governor is not a ty|)e that allows 
any great permanent change in the engine speed; 20 per cent is 
as much as can be obtained while maintaining the governor's 
stability. 

Adjustments. —The governor shows a decided tendency to 
wear at the links and pins. About every two years it is necessary 
to reream the link-|)in bearings and turn up new pins. These 
pins arq best made of brass to allow the wear to occur on the pins 
rather than on the links. It is much easier to turn up new pins 
than it is to re-ream the links. For the latter purpo.se an expan¬ 
sion rereamer is more serviceable than is the ordinary kind. The 
blades can bo extended, giving a greater capacity for reaming. 

Jahns System. —The Jahns governor has been adopted by the 
builders of the Busch-.Sulzer Type B Diesel, the Snow Diesel, and 
the National Transit Diesel. 

The construction of the .lahns governor may be readily seen 
from Figs. 252 and 253. The two weights A A are guided in a 
radial straight line perpendicular to the spindle by three rolls 
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C on the lower surfaee sustaining the weights, and two rolls, not 
shown, on the sides resisting the force of inertia which would 
tend to keep the weights revolving at the same rate while the 
engine—and, therefore, the governor easing' increases or 
decreases its s|)eed by an iidinilesiinal amount. The centrifugal 
forc(! of each weight acts directly upon its spring so that all lever 
joints are entirely fo'c from any centrifugal or spring force. 
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d'he transmission of the motion of the weights to the .sliding 
sleeve on the spindle is effected hy the bell-cranks fulcrumed 
on the lower easing, the u|)|)er arms engaging, l)y means of rolls, 
the vertical straight slots in the weights, while th(^ lower arms 
engage .sloping .slots in the spindle .sleeve h\ The angle of this 
.slope is fixed in such a manner that the centrifugal force of the 
weights, as transmitted to the sleeve, is a practically constant 
force, being the same; for each position of the sleeve throughout 
its stroke. This collar G to which is connected the pump-control 
lever receives its motion from the spindle collar. 

The Jahns governor easing is entirely enclosed, and all of the 
lower pins and slides are in a bath of oil. The oiling of the upper 
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pins and slides is effected through the oil cup on the top of the 
governor. The oiling can lie effected while the governor is in 
motion. When the oil has attained a certain height any addi¬ 
tional amount will cause overflow. This surplus is conducted 
to the rubbing .surfaces of the sliding spool located below and 
outside of the casing. In this manner every point of possible 
friction is automatically oiled. 



The Jahns governor possesses great sensitiveness owing to its 
extremely small internal friction and the fact that none of the 
working parts may become rusted or clogged with dust. 

Owing to its low internal resistance, the Jahns governor has 
great capacity, the percentage of available energy for regulation 
as compared with the total energy developed by the weights being 
99.8 per cent. 

The Jahns governor, as supplied on the oil engine, always has 
a speed regulator attached. This regulator is usually made to 
give a variation of plus and minus 5 per cent of the standard 
speed. The arrangement of the governor and regulator varies 
slightly in each engine. 
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Busch-Sulzer Diesel Governor. —The Jahns governor fitted 
to the Busch-Sulzer engine appears in Fig. 253. The governor 
sleeve is placed above the governor case rather than below as is 



the standard practice. This brings the sleeve within range of 
the fuel pump. The governor acts on the suction valve of the 
fuel pump, as shown in P'ig. 232. The arrangement of the 
governor and fuel pumps on the vertical shaft is seen in Fig. 2.54. 

An overspeed governor is also placed on the Busch-Sulzer 
engine. This is of the ordinary centrifugal weight design. If 
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tho engine overspeeds, the weight strikes a lever which releases 
a catch on a relief valve. This allows the oil to by-pass back to 
the .supply. 

Snow Diesel Governor. —The Snow engine is equipped with 
the .Jahns governor with the n'gulator a.s appears in Fig. 19. On 
sotne of the engines, whe^re a groat speed range is n'lpiired, the 
class D ,Jahns governor is used. This governor is identical with 



the class 0 governor with the exception of the regulator. The 
regulator spring is located in the governor stand and surrounds 
the .spindle, rotating with the latter. The lower end of the 
spring rests on a cross-key passing through a rod inside the 
hollow governor spindle. This rod is fastened to the roil .sleeve 
in.side the governor. The upper end is in contact with a ball¬ 
bearing collar having two ears passing through slots in the 
governor pedestal. The pedestal is threaded and has a hand- 
wheel holding the spring collar ears. Turning the wheel gives 
the necessary spring compression for any speed within 50 per 
cent of normal. With this governor the ball-races should be 
cleaned occasionally to remove dirt and gum. 

National Transit Diesel Governor.— The National Transit 
Co. provide their engine with the Jahns type C governor, Fig. 
243, although the class D is used to meet wide speed-range 
requirements. Figure 244 shows the class D governor connected 
to tho fuel pump. 
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McEwen Diesel Governor. —Tho gt)vornor of tho McEwcii 
Die.sel is of tho coiitrifugal woinlit fyix’. Tho Kovoinor, Kijr. 255, 
consists of two weights A that arc hold togotlu'r l)y a s|iring- 
loadod rod B which passes through th(' engine layshaft. Two 
sets of bell-cranks connect the gov(‘rnor weights with the governor 
sleeve D and are fulerimied on the spider fl. The sleeve I) 



extends along the shaft betwe(!n the two weights and has a 
yoke and lever (arnnected to the fuel pump wedge. Any change? 
of engine speed causes the weights to take new po.sitions; this 
shifts the sleeve along the shaft, causing the fuel pump wedge 
to shorten or lengthen the pump plunger stroke. 

Adjustments. —With this type of governor about the only 
attention required is the cleaning of all the parts. If the pins 
and rollers arc allowed to become foul with grit and grime, the 
wear will result in considerable lost motion. This causes the 
engine to be erratic in speed regulation. 
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Allis-Chalmers Diesel Governor. —The governor of the Allis- 
Chalrner.s Diesel appears in Fig. 250. The governor spindle 
earries a yoke-shaped frame whieh revolves with the spindle. 
To the frame is hung two weights whieh are held together hy two 
spring holts and one .s|)ring. The spring is in tension, rather 
than compre.ssion as is the usual governor juactiee. At an 
increa.se in the ('ugine sp('cd, which is communicated to the weights 
through the layshaft and the spindle, the weights move outward. 
The motion is translated to the regulator connection hy the yoke 
levers. The regulator connection raises the shifts the pump 
lever as de.scrih(Ml in ('hapter XIV. 

This governor has the advantage that lies in the employment 
of hut one weight spring. It is practically impossible to secure 
two springs |)ossessing the same characteristics. Where two 
springs arc u.sed the outward travel of the two weights will not 
bo etpi.al, throwing a side thrust on the spindle. 

Adjustments. -Spectl regidation is secured hy the spring holt, 
while shifting the weight on the outside lever will give a small 
speed change. 

A disk step hearing is fitted to the base of the governor spindle. 
This consists of two steel disks and one bronze disk. The 
bronze disk wears from the weight of the governor and the thrust 
of the helical gear. As soon as the gear emits a grinding sound, 
the operator should c.xamino the step hearing since, when it 
W('ars, it causes the gears to mesh improperly. 

Standard Diesel Governor. —The Kites inertia governor Fig. 
257 is u.s(‘d on this engine. The governor eccentric gives a 
variable; throw to the fuel i)ump plunger, d'hc governor is 
fitted with a dashpot to eliminate the supcr.sensitivenc.ss that 
is inherent in this form of shaft governor. The governor has 
the advantage of being extremely simple and devoid of wear with 
the exception of the governor pin hushing. This must he well 
lubricated. A change of speed can be secuixal by altering the 
spring tension. The regulation can be varied by shifting the 
location'of the spring bolt in the governor .slot-—moving the bolt 
in toward the center makes the governor more sensitive. 

McIntosh & Seymour Diesel Governor. —This governor, which 
appears in Fig. 258, is mounted on the vertical governor shaft 
and is enclosed in a ca.se as shown. The governor consists of 
a spider A which is keyed to the vertical shaft B and carries 
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two pins to which are fastenej the two weight arms C. As 
the shaft rotates, the weights tend to swing outward, being 
restrained by tlio tension of the two si)rings. One end of the 
spring is pinned to the weight arm wliile the other end is held 
l)y the spring collar D and the boll to the regulator lever (1. 
The lower end of this lever rests on tin' Hat collar II, whiidi also 



rotates with the shaft. The thrust of the collar II, due to the 
reaction of the lever (I, is absorbed by the spring I. A regulator 
■shaft and wheel ,/ is Jirovided, a movement of which alters the 
position of the lever K. It is appanmt from the drawing that, 
if th(‘ wheel ,/ is turned to lift the bearing end of the lever K, 
the thrust of the spring, through the ball-bearing collar, will b(^ 
le.ss; conse(|U(mlly the collar II is raised, throwing tin' upper end 
of the lever (1 outward. This increases the tension on the gover¬ 
nor springs. Through the control of the weight arms on the fuel 
pump the engine speed will increase. If this lever K moves 
downward placing an additional thrust on the spring, the latter 
will be compressed a further amount. This allows // to move 
downward and, in turn, lessens the governor-spring tension, 
causing the engine to decrca.se in speed. 

The eccentric F is keyed to the shaft B and carries a second 
eccentric E which is linked to the governor weights. This 
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eccentric E drives the fuel pump plunger through the eccentric 
strap shown. The eccentric F, as it revolves, carries the eccen¬ 
tric E, which is held by the equilibrium of the weights and springs, 



with it; this causes the pump plunger to reciprocate, thus 
delivering a fuel charge to the engine cylinder. 

Figure 258A shows the relative position of the two eccentrics 
when at rest. Both the left- and right-hand engines have the 
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governor shaft turning counter-clockwise, as viewed from the 
top. As the engine speeds up, the weight arms pull the eccentric 
E clockwise in relation to the eccentric F. This reduces the 




combined eccentricity of the two eccentrics, which action 
decreases the pump plunger stroke. 
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It will be observed that this acts directly on the pump gover¬ 
nor; this places a considerable reaction on the governor and 

the weights are heavier than 



Fia. 259.—Governor shaft drive, 
Intosh <& Seymour Diesel. 


IS required on a spilling system 
governing device. The dou¬ 
ble eccentric design assists 
■materially in reducing the 
effort required to produce a 
change |in the pump’s stroke 
at a change in speed. The 
regulation is as close as occurs 
with other Diesels. 

Adjustments.—Since two 
springs are employed, it bc- 
(■omes necessary to adjust the 
spring.s to give equal effect. 
If the weight-arm positions 
arc not identical, the governor 
will be out of balance, pro¬ 
ducing erratic speed regula¬ 
tion. To] equalize the two 
spring tensions, the spring 
collar D can be screwed into 
one of the springs a fractional 
part of a turn, thereby increa¬ 
sing the tension on this par¬ 
ticular spring. 

The eccentrics must be well 
lubricated to reduce the wear 
occasioned by the pump 
reaction. 

The weight of the entire 
governor assembly is sup¬ 
ported by the ball bearing A, 
which is shown in Fig. 259. 
This bearing also receives the 
downward thrust of the up¬ 
per set of helical gears D and 
E. Precaution must be taken 
to replace any broken balls, 
and all wear of the ball-race 
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must be taken up by shimming under the case which is 
supported by the bracket. If the bearing lowers, tlie upper 
gear train will not mesh properly. This produces severe 
cutting of the gear teeth and inereiuses the side pressure 
on the upper bearing G. If this bearing weans, the shaft 
is thrown out of plumb, placing a .side pressure on the lower 
bearing F. Since this bearing F is rather inaccessible, the aver¬ 
age operator neglects to inspect it for wear. 



Nordberg Governor.- The governor of tin; Nordberg two- 
.stroke-cyclc engines is shown in Fig. 21!). This governor, of the 
Jahns type, is driven by bevel gears from the camshaft. The 
governor sleeve is connccte{I by a link to a bevel or mitre gear 
and by moving this gear relative to a driving mitre gear the posi¬ 
tion of the mitre gear on the fuel by-pass shaft is altered. This 
causes the by-pass valve to close early or late as the load requires. 
Speed variation is obtained by moving a weight on a bar con¬ 
nected to the governor sleeve. 

Fulton Governor. —The Fulton Diesel uses a Jahns governor 
of the type previously shown in Fig. 252. The drive, however, 
differs from that on other engines in that the governor is not 
mounted directly on the vertical shaft which meshes with the cam¬ 
shaft. Instead, a flexible gear, Fig. 260, keyed on the vertical 
shaft drives a pinion on the governor shaft. The effect of this 
arrangement is to prevent the engine pulsations from being trans¬ 
mitted to the governor. The assembly is shown in Fig. 261. 

Governor Shaft Gears. —Practically all the Diesels have the 
governor either mounted on a shaft geared to the engine shaft 
or are driven through such a shaft. On the vertical engine 
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the governor is customarily mounted on the vertical shaft con¬ 
necting the, camshaft to the engine crankshaft. This involves 
the use of a set of gears at the top and bottom of this vertical 
shaft; ordinarily helical gears arc employed since the gear 
diameters can he kept within reasonable limits. With all helical 
gears there is a thrust in the direction of the driven shaft. 

Gear Lubrication. —The lubrication of the governor-shaft and 
layshaft gears is of vital importance. The majority of engine 



builders have adopted some form of stream bibricatiou. If 
this is to be successful in keeping down gear-teeth cutting, the 
oil must be fed in a heavy stream—it is useless to deposit the oil 
on the teeth a drop at a time. Much of th(! oil never reaches 
the pre.ssurc line between the two contact teeth as the teeth 
squeeze the oil film out the sides of the gears. When the gears 
show a tendency to cut, which is due to poor lubrication rather 
than to play in the shaft bearing, the sole remedy is the adoption 
of an oil having a heavier body. This oil will not flow off the 
teeth as readily as does the standard engine oil. 







('IlAl'TKR XVI 


AIR-COMPRESSION SYSTEMS 

'J'viMOS. AdJUS i'.M K.NTS 

Air-compression Systems.— The air that is employod in injool- 
iug or blowing the fuel eliargc into the engine eyliiuler must 
necessarily be at a high pressure. Since the force that itroduees 
the flow of air into the cylinder against the resistance of th(! fuel 
valve atomizing disks is the dilTcu'enec in (he injection air pn'ssure 
and th(! engine coinpre.ssion pressure, it is (wident that the air 
pressure must be above thi^ com|)ression ju-essure of approxi¬ 
mately 500 lb. To insure a thorough nebulization of (he oil 
and a rapid rate of injection, the air pre.ssiire must exceed the 
value by .several hundred pounds. The design of fuel atomizer 
governs the required air pressunq' this pre.ssure will rang(! from 
1,0.50 to 7.50 lb. per square inch at full load. 

d’ho production of this extremely high air ])ressur(! becoin(!.s 
one of the serious problems of Diesel-engine construction and 
operation. Tlu^ ordinary commercial air cojiipressor is of too 
light a design to guarantee continuous service; con.se(piently all 
Diesels arc cciuipped with compressors that have be(m developed 
especially for this service. While a few of the first Diesels used 
a single-stage compressor, all modern engities have either a two-, 
three-, or four-stage compressor. The air tiunperature due to a 
final pressure of 900 lb. is high enough to ignite the lubricating oil 
if any is trapped in the pipe line. To overcom(! this as well as 
the obj(H;tion of having a large diameter compres.sor cylinder 
exposed to this high pre.ssure, the compression is divided into 
stages with intercoolers placed between th(>s(! stages. This design 
places but a small pressure on the low-pressure cylinder and 
allows the temperature of the air, after leaving each stage, to 
be reduced to approximately the temperature of the outside 
air. The high-pressure discharge temperature is then around 
2.50 deg. F. rather than 1,.500 deg. or more which would exist with¬ 
out inter- or aftercoolcrs. Some engineers consider that this 
between-stage cooling reduces the power consumption of the 

30.5 
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air compressor. Considering the same volume of air compressed 
with and without intercooling, there is a saving from inter¬ 
cooling. However, since without intercooling either the dis¬ 
charge prc.ssure or discharge volume will be greater than with 
cooling, a smaller volume of air could be compressed under non¬ 
cooling conditions to perform the same degree of atomization. 

The practical advantages of intercooling 
arc the lessened danger of cylinder fracture, 
the freedom from explosions of lubricating 
oil that might collect in the discharge piping, 
and the better service obtained from the 
compressor valves while working under a 
fairly small temperature range. 

Compressor Stages.—In engines ranging 
over 150-hp. capacity it is customary to 
employ a three-stage compressor. With 
the smaller units a two-stage compressor is 
more generally used. The volume of air 
required for these smaller-powered engines 
is such that the cooling effect of two stages 
and one intercooler is ample to remove the 
objectionable temperature conditions. The 
three-stage compressor customarily has the 
cylinders placed insteeplc or cscalon, 
wherein the high-pressure cylinder is moun¬ 
ted above the low-pressure cylinder while 
the intermediate compression space is be¬ 
tween the bottom of the low-pressure cylin- 

,, „„„ der and the top of the low-pressure piston, 

I'Kl, 202 —Ihroo-slaKi! ‘ ‘ , „ 

com pressor. the latter being turned with a barrelsmaller 
than the head, as is outlined in Tig. 262. 

Independent Air Compressors.- -The first Diesels manufac¬ 
tured in the United States wore equipped with belt-driven three- 
stage straight-line air compressors. The difficulties experienced 
with the breaking and slipping of belts resulted in the adoption 
of compressors directly connected to the engine crankshaft. 
The independent compressor has certain features that are of 
advantage in Diesel practice. If two compressor units are 
installed with independent motor drive, either belted or geared, 
there is no danger of plant shut-down owing to compressor 
trouble. Since at least 50 per cent of the breaks in Diesel 
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operation continuity arc attributable to troul)lo with the air 
compressor valve, it must be conceded that any system that will 
enable the engine to continue functioning in the face of a broker 
air-compressor valve ought to be welcomed. In a number of 
plants whore a nio<lern Die.sel with direct-connected compres.sor 
is installed by the side of an old Diesel with an independent 
motor-driven eoinpre.ssor, it is (piite common to sec the engineer 
start up the independent compres.sor to relieve the engine eom- 
prcs.sor because of a faulty valve. Without the independent 
compressor such a plant would be helpless in case of accident, if, 
as is usual, the plant load is .so large that it cannot be handled 
with one engine disabled. For the.se rca.sons, each plant shouhl 
possess one motor-driven eoinpre.ssor of a capacity sufficient to 
handle the largest engine installed in the plant even though the 
engines have built-in compressors. 

The large marine Diesels arc usually supplied by an independ¬ 
ent engine-driven compressor. This a.saures an air supply for 
maneuvering. 

Built-in Compressors. As has been heretofore mentioned, the 
modern Diesels have the air comprcs.sor built onto the engine 
frame, being driven by a crank on the end of the crankshaft. 
As previously outlined, this has the objection of entailing an 
engine shut-dowm in case of compressor failure. On the other 
hand, the direct-connected unit simplifies the plant installation 
and brings this important auxiliary under the eyes of the engine 
operator. This insures a better lubrication treatment and places 
the compressor in a light, diistlcss location. Morc'ovcr, thi.s 
design entails the employment of a minimum amount of pipe. 
Engines having the closed-nozzle fuel-injection valve arc ordi¬ 
narily provided with air bottles in which is stored an excess sup¬ 
ply of air. These engines can be satisfactorily charged from a 
separate compressor unit. The engines employing the open- 
nozzle valve seldom have air bottles; the air enters the atomizer 
direct from the compressor. With these engines, before an 
independent compressor can be used, some manner of air bottle 
must be added to the equipment since the independent com¬ 
pressor never runs at engine speed. 

Beyond these, there are no other advantages in the direct- 
connected compressor for stationary engines. With engines 
of variable speed, such as marine engines, the separate compressor 
is essential if maximum economy is to be secured. On slow 
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Hpced the iunount of air needed at the injection valve is the same 
as at full speed, since the actual time during which the fuel valve 
is open is constant. If a built-in compressor charged the engine, 
at high speed an excess amount of air would be compressed and 
ultimately lost through the relief valve. Since the direct-con¬ 
nected compressor operates at engine speed, the rate of 
compressor output is greater than the rate of demand. 



Busch-Sulzer Diesel Air Compressor.—A thnu'-stage air 
compressor, Fig. 262 is incorporated in the design of the Busch- 
Sulzcr Clas,s B engine. The compressor cylinder assembly is 
bolted to the engine frame, giving the appearance of a fifth 
cylinder. The low-pressure cylinder casting is bolted to the 
frame with the high-pressure cylinder above it while the inter¬ 
mediate cylinder is formed by the stepped piston, being between 
the piston barrel and the low-pressure cylinder walls. All the 
valves are similar to the high-pressure suction valve shown in 
Fig. 203. These valves are of the fiat-seated poppet type and are 
made of alloy steel. The operator of this engine should keep on 
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hand a completo set of spare valves since thev, in* do most valves, 
frequently break at the point b, Fig. 203. Then' is serious ques¬ 
tion as to the underlying cause of this valve fracture; it is prob¬ 
ably due to too great a valve lift, resulting in hammer blows as 
the valve falls back on its seal. 

With this air compressor is furnished three air bottles- two 
for storage and one for the starting air. 'i'lic air is cooled both 
between stages and after passing the high-pressure discharge 
valve. The cooling is effected by copper coils placed in the top 
of the compressor jacket and surrounding the high-pre.ssure 
cylinder. 

Air Pressure Regulation. —To give a variable air-discharge 
pressure dependent on the engine load, the suction of the low- 
pressure cylinder has a damper under control of the engine 
governor. On low loads the movement of the governor sleeve 
partially closes the suction opening. This results in alow air- 
discharge pressure. To the <lischarg(! of the low-pressure cylinder 
in large units is connected the servomotor N^iich controls the 
fuel valve opening and closing points. As the air suction is 
throttled, lowering tin' low-|)re.s.sure cylinder terminal prc.ssure, 
the servomotor piston moves under the influence of a spring 
which overcomes the les.sened air prc.ssure on the op|)osite side 
of the servomotor piston making the fuel valve open lute and 
close early. 

Type C Compressor. —The air comi)rcssor. Fig. 261, which 
provides compressed air for fuel injection and starting, is mounted 
vertically on the crankcase at the forward end of the engine in 
line with the working cylinders. It is also driven from an e.xten- 
sion to the main crankshaft, d'he compressor is three-stage, 
water-jacketed and provided with intercoolers and aftercoolers 
to keep the air at a low temperature. Flach stage of the compres¬ 
sor is protected against excessive pressure by a safety valve. A 
regulating device is provided to adjust the injection air pressure 
to suit operating conditions. This is accomplished by varying 
the opening of the suction damper valve on the low-pre.ssurc stage. 

Scavenging Pump.— For providing low-pressure scavenging 
and charging air for the working cylinders, a scavenging pump. 
Fig 265, is mounted vertically on the crankcase at the opposite 
end from the flywheel, next to the forward working cylinder 
and in line with it. The pump is directly driven from an exten¬ 
sion to the main crankshaft and is provided with a cro.sshead 

24 



Fio. 204.—Husch-Sulzer Type C com- Fio. 205.—Scavenging-air pump, 
pressor. Busch-Sulzer Typo C engine. 

in size and design and are interchangeable. The discharge side 
has a valve chest with connections to the scavenging-air receiver, 
which in turn provides the connection to the working cylinders. 
This receiver extends along the front of the engine and is bolted 
to faces on the cylinder jackets. This provides a support for the 
valve gears, camshaft bearings and casings. 
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McIntosh & Seymour Marine-Diesel Air Compressor.— 

Figure 267 outlines the compressor of the McIntosh & Seymour 



Fid 20(1 \ulvt‘s of Typo (1 sciivotiginK-Jur jmnip. 

marine Diesel. The eoinpre.s.sor is three-stage and i.s placed at, t he 
front end of the engine, being driven by an overhung crank on 


L^OtlialvfS JfSucfio/T 
LPOt! 



the engine shaft. The low-pressure and intermediate cylinders 
are cast together as shown in Fig. 267, while the high-pressure 
cylinder is in one piece with the low-pressure cylinder head. 
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The low-pressure suction and discharge valves are all in the 
low-pressure cylinder head; the intermediate-pressure valves 
are arranged around the cylinder barrel and the high-pressure 
valves are in tin; high-pressure cylinder head. The air pressure 
is alb'red by the control rod acting through the gears at the 
top of the regulal.or. By the proper displacement of this piston 
the low-pre.ssure cylinder volume is altered to give any desired 
high-pressure discharge jrressure. The indicator scale on the 
handwheel shaft is marked with the same load points as is the 
fuel-control lever, d'he operator, then, on throwing the fuel- 
injection control to full load moves the air indicator to th(! 
corresponding point. This gives maximum air pressure for a 
maximum fuel charge. 

The compressor valves closely follow the design appearing 
Fig. 2G3. The material is a nickel-steel alloy heat-treated atid 
toughened. A valve lift of 0.03 in. is about the most advisable 
value to u.sc. 

McIntosh & Seymour Stationary-Diesel Air Compressor.— 

3'he stationary engine’s compressor is practically the same as the 
compre.s.sor of the marine engine, though the regulator is not 
included on the Type A and B engines. 

The chief points of attention are the valves and the connect¬ 
ing-rod boxes. The former frecpiently break at the junction 
of the “brim and crown.” This is usually attributed to an 
excessive lift of the valve and can only bo avoided by valve 
replacement when the lift becomes more than 0.0.5 in. To 
avoid air leakage the valvi? seats must be w('ll-nigh perfect. 
To regrind a valv(! only a small amount of powdered glass and 
vaseline should be used. The slightest scratch on the seat sur¬ 
face will destroy the valve’s usefultiess. 

The connecting-rod brasses require attention more than do the 
main engine rods. The current of air passing through the 
compressor frame deposits dirt and grit on the bearings that soon 
reveal their presence by overheating. 

The control of the air pressure is attained by the regulation of 
the valve leading to the starting tank; opening this allows part 
of the air compressed to enter this tank, lowering the pressure 
in the line to the fuel pump. Two running air tanks and one 
starting tank are supplied for each engine. 

The large crosshcad type McIntosh & Seymour Diesels have an 
air compressor similar to that of the marine Diesel. The method 
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of regulation by means of a movable piston in an auxiliary reeeiver 
or cylinder is followed. 

Snow Diesel Air Compressor. —The Snow horizontal Diesel is 
equipped with a three-stiige eompressor, the piston being of th(! 
•stepped type, although the .'iinaller units are fitted with two-.stag(! 
eompre.ssors. The three-stage unit cro.s.s-.seetion appears in Fig. 
268. The valves are of the flat feather type, which are of light 
steel strips restrained at the ends and free to lift from the seat to 
allow the air to pass. This valve design j)ermits the valve to 
seat fairly gently without danger of fracture due to hammering; 
the fractures that do appear are caused by “fatigue,” resulting 
from continual bending of the steel fibres. 



'I'he compres.sor is arranged with iiitejcoolers ladweeii the 
stages. These an' formeil in the cylinder jackets. Tlu! high- 
pre.ssure discharge pas.ses through a cooling coil placed in the 
high-pivssure cylinder cover. 

Pressure control is obtai.I by alt(a'ing the low-pressure 

suction area through the hand lever a. 

Snow Vertical Diesel Air Compressor. —This three-stage com- 
pre.s.sor is quite like the compres.sor in Fig. 269, although the 
coolers are in the jacket of the compressor. 

Worthington Marine Diesel Compressor.— This marine Diesel 
has a three-stage compressor, Fig. 269, driven by a crank coupled 
to the end of the engine crankshaft. A special featuic is the 
outer bearing for the support of the compres.sor crank. In this 
way the bending of the shaft is eliminated. 

McEwen Diesel Air Compressor.— On the small- and medium- 
powered McEwen Diesel engines a two-stage compressor is 
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mounted on the side of the engine frame, Fig. 270. This stepped 
piston is driven by a crank on the end of the engine shaft. The 
valves are of the standard “plug hat” form. The two cylinders 
are water-jacketed, and the intercooler and aftercooler coils, of 
copper tubing, arc placed in the high-pre.s.sure cylinder jacket. 
The air, after leaving the low-pressure dis(!harge at n, pius.ses 
through an oil separator before entering the intercooler coils 
at b. After being cooled, the air i.ssue.s frotii th(> coil at c and 
enters the lugh-pres,sure cylinder through the high-pre.ssun' suc¬ 
tion valve (/. After being coinpres.sed, it is forced out the dis¬ 
charge valve at e into the aftercooler coils at /. It leav(!s the.so 
coils at ff and flows to the fuel valve. 

Pressure control is achieved by regulating the suction opening 
at b. The valve lifts should be between 0.03 and 0.01 in. 

No air tank is interposed between the conipres.sor and the fuel 
valve; consequently the air charge for both coinpres.sion strokes 
of the air compressor enters the fuel nozzle on tin' power stroke of 
the engine. The air line is of some volunn!; therefore the drop 
in the discharge air-litie i)re.ssure at the point of injection valve 
opening is but slight. 

National Transit Diesel Air Compressor.—The National Tran¬ 
sit Diesel has a three-stage compre.ssor bolted to th(' ('ngiiu* frame, 
the piston being st('ppcd, and driven by a crank on the end of the 
engine shaft. The two cylinders and the valve-cavity cov(!rs 
arc w.ater-cooled; an interreceiver between the two cylinders 
.serves as an intercooler as well. Itegulation is obtained by 
hand control of the suction opening. 

Standard Fuel Oil Diesel Air Compressor.—A two-stag(! com¬ 
pressor is driven by a crank off the engine crank.shaft. While 
the compressor is only two-stag(!, it has a three-stage effeset. The 
air is compressed in the scavenging cylinder of the engine to from 
7- to 11-lb. gage. It then pa.s.ses into a receiver from where it is 
blown into the engine-working cylinder during the exhaust 
portion of the cycle. The suction of the low-pressure air-com¬ 
pressor cylinder is connected to this scavenging air receiver; 
consequently the low-pre.ssurc? cylinder is in effect an intermediate 
cylinder. 

The discharge from the low-pressure cylinder is piped to the 
starting air tanks. A connection on this line leads to the pres¬ 
sure control. Fig. 271. The air enters the control body at a. 
The plunger is under the control of the engine governor, altering 
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its stroke accordiiiR to the load carried. As the plunger moves 
to the right, the port b is uncovered, and the air flows through the 
port b back to the suction of the high-pressure cylinder of the 
air compressor where it is further compre.sscd to about 900 lb. 
From the high-pressure discharge the air is forced into the fuel 
valve. 

It is apparent that, with the larger volume to be eomprcs.sed, 
lh(' final pressure at the fuel valve is high, as is desirable, at full 



Frn. 271.—.StuiKljird horiznnlal Diesel injeetioii .air pres.snie eonlrol. 


load. On lower loads the plunger uncovers less of b, allowing a 
corresponding smaller amount of air to enter the high-pressure 
cylinder, reducing the injection pressure. This injection control 
is very clo.se in regulation; a hand adjustment allows any desired 
pressure to be secured at any set governor position. 

To prevent an oversupply of air on low loads the first-stage 
suction has a choke control. 

Standard Vertical Diesel Compressor.— The high-pressure air 
required for injecting the fuel into the combustion sjiace is 
furnished by a two-stage compressor. Fig. 272, which is mounted 
on one end of the box frame and is driven directly from the 
crankshaft. 

A stepped piston is used to obtain the necessary displacements 
ior the different stages. 
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Both tho low stagp suction and discliarj !0 valve? are located in 
a single pocket at the side of the eylindcr. This pocket is so 
positioned as to make it impossible for a valve to g('t into the 
cylinder due to either a lu-oken valve' spring eer stem aieel yet 
the clearance vohmie is less than 2 per e'e'iit of the cylineler 
displacement. 

The valve cage feir the high 
stage valves is loe'ateel in the 
upper end erf the cylineler bore 
and with its cover feerms the' 
cylineler heael. This e'age is eelsee 
eirrangeel so that the're' is nee 
possibility eef a veelve' ge'lling 
into the e'ylinele'r euiel wi-e'e'king 
the machine. 

After beitig eeeenipre's.se'd in the' 
first cylinele'r anel befeeie geeiieg 
to the seconel the air is ceierleel in 
an intercoeeler consistiteg eef eeeils 
of copper tubing anel encleese'el 
in the water-jacket space' eef the 
compres.seer cylinele'r threeiigh 
which all the ceeoling water peisses 
before going to the main cyliei- 
ders. An afterceeerle'r eef the 
.seime elesign is u.seel tee ceeeel the 
high pivssure eliseharge air. 

Scavenging Air Pump.—1'he' 

Stanelarel engine has a steppeel 

main piston, anel the scavenging air is ceempre'.sseel in the spaeee 
betwe'cn the cylineler anel the? leewer enlarge'el piston enel, sec 
Fig. 70A. 

The valves are of the plate? type anel arc placed eeutsiele the 
cylineler casting in the air manifold. Acce'ss tee the valves is 
secured by removing a light cerver plate. 

Allis-Chalmers Diesel Air Compressor.—The 14- anel IG-in. 
stroke Allis-Chalmers Diesels emplery a twer-stage? air compressor, 
while the 18-in. stroke? units have three-stage compiessors. 
The designs of the two- anel three-stage compressors follow the 
same general lines. These units differ from most Diesel com¬ 
pressors in that the intercoolens are not placeel in the high- 



— SliuBlard vertinil air < 

pn'H'^or. 





378 


DIESEL ENGINES 


pressure cylinder head jacket. Each cooling coil is placed in a 
cavity in the base of the compressor casting, which is in the form* 
of a cast-iron drum. The air from the low-pressure discharge 
enters an air pot or receiver; a copper pipe is coiled about the pot 
and is connected to it. Both coil and pot fit into the cooling 
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VALVE 



Fla. 273.—Allis-(.'hnlmors Diesel air-compressor valve. 

drum. In Jig. 20 the compres.sor is shown in position on the 
engine frame. .On the two-stage compressor the air, after passing 
through the inter-cooler coil and pot, is compressed in the high- 
pressure cylinder; the air is then discharged into the aftercooler 
air coils which arc placed in the aftercooler water pot. On the 
three-stage compressors two intercoolers are used. The valve 
and cage appear in Fig. 273. 

Nordberg Type FD Air Compressor.—The three-stage com¬ 
pressor of the later larger Nordberg two-stroke-cycle Diesels 
is shown in Fig. 274. This is placed at one end of the engine 
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and is driven hya small erank on theerankshaft. As shown in the 
illustration, the low- and hixh-pressure eylinders are above the 
piston and the intermediate eyiinder in a recess below the piston 



I'V;. 271 ('oniprctisur of NordlxT^ FJ) oriKint*. 


head. ]''or both suction and diseharKC circular plate valves are 
used, these being held to their seats by light .springs. 

The quantity of air is controlled by means of a hand-regulating 
valve on the suction. Between each stage the air passes through 




diesfj, engines 

intercoolers, and the high-pressure discharge is cooled bv an 
aftercooler consisting of a pipe coil in the high-pressure water 



A.r Compressor Scavengmj' top'" '' Engine ''cylinder' 

1 lo. Niirdlicri; Type VE coniprcssor and scavouniiig pump. 

The intercoolers are provided with drips which must be opened 
about once an hour to remove the moi.sturc thrown down by 
the air in cooling. ■' 

Type FD Diesel Scavenging Pump.-The scavenging pump is 
mounted on the engine lied between the air compressor and work- 
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inj? cylinder. This pump is of the vcriical double-acting type; 
the suction and discharge valves are the Nordberg plate type. 
The discharge pressure ranges from t to ti lb., and the air, upon 
leaving the compre.ssor, passes through a header along tlu' engine 
cylinder. This header has a con¬ 
nection to each cylinder head. 

Nordberg Type VE Diesel 
Compressor. —Starting and blast 
air is furnished by a three-stage 
compressor, e(|uipped with three 
air coolers. One of the coolers 
takes care of the air coming from 
the low-pre.ssure stage, anotlu'r of 
the air coming from the inter¬ 
mediate pressure cylinder and the 
third is the aftcrcooler. 

As shown in Fig. 275, the low- 
pressure cylinder is mounted above 
the scavenging pump and isdiiven 
from the same crank as the latter. 

The intermediate and high-pres,sui'e 
pistons are driven directly from 
the crankshaft through acrosshead. 

The valves in the compressor are of 
the round plate type, held in their 
seats by light springs. The com¬ 
pressor is built to compress air to 
1,000-lb. end pre.ssurc to charg(‘ the 
starting-air bottles. The air pres¬ 
sure can be regulated and adjusted 
to the needs of injecting the. fuel 
oil into the cylinders. The intake 
air passes through a suction silen¬ 
cer, consisting of sheet-iron plates mounted one on top of the 
other at the corners, similar to log-house eon.struction, so that 
the .small passages provided subdivide the air currents and there¬ 
fore practically eliminate the suction noise. 

Nordberg Type EG Air Compressor.— The type EG Diesels, 
having cylinders of 250 hp. each, have an air compressor similar 
to that shown in Fig. 275A. This is a three-stage machine and 
is driven by a linkage from the scavenging-pump cro.sshead. 
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Fulton Compressor. —The compres.sor of the Fulton Diesel is 
shown in Fig. 277. This three-stage air pump i.s driven off an 
overhung crank at one end of the engine crankshaft, the crank 
being a separate forging bolted to the end fae,e of the shaft. 

The valves are, the light plate type and are placed in cages 
easily removed. The high-pressure discharge valves arc of the 



Kiti. 277, —Fulton compro.ssor. 



mushroom type and are .set in the cylinder head. The delivery 
pressure is controlled by a hand-operated suction-choke valve. 
The intercoolers are double-walled cast-iron tubes with water 
flowing down th(‘ inside tube while the air flows along the passage 
between the inside tube and the outer tube or casting. These 
castings arc placed in the intercooler compartment. In this way 
water is in contact both with the outside and interior of the cooling 
chambers. The aftercooler is a pipe coil in the high-pressure 
cylinder water jacket. 
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New London Compressor. —The air coinprc.ssor used on the 
New London Die.sel may l)e seen in Fig. 72: Idguro 278 shows 
exterior view of the saim* eoinpre.s.sor. The coinpr('s.sor is 
three-stage and a .somewhat umisiial featiin; is the cimshead. 

Cramp’s B. & W. Compressor. - -'Flic 
compre.ssor of the ('ramps marine 
Diesel i.s mounted on tlie end of tlie 
frame and is driven hy a crank on tlie 
engine shaft. A cross-section of the 
unit is shown in Fig. 278.-1. 

Compressor Valves. —'I'he engineer 
should early recognize the .serious 
part the air compres,sor and its valves 
play in the successful operation of the 
engine. The compressor must func¬ 
tion continuou.sly and perfectly. 'Fo 
attain this, the air valves must he 
kept in first-class condition. 

The majority of operating troubles 
experii'uced with the valves are due 
to one of the following causes: Dirty, 
warpi'd or broken valves; leaky gas¬ 
kets under the valve cages;carbonized 
oil on the valve or valve seat. 

Becau.se of this fact a great deal of in¬ 
genious thought has been applied to 
the improvement of valve design, 
resulting in a large number of different I'le- -'s- n’i'"' i.uiiiIum ccim- 
kinds of valves. iiesMir, 

The operator’s surest guide to the condition of his comprc.ssorH 
is the gage board. 'The iire.ssure gages for the different stages 
should be conveniently located at the operating station where 
they can be easily seen. Any change in pressure ratios as shown 
by the gages is a sure indication of .some changes in condition.s 
within the compres.sor or in the air system. 'Fhe immediate 
result of leaky valves, whatever the cause of leakage, is reduction 
of capacity, followed by abnormal heating of some part of the 
compressor. If the capacity reduction proceeds far enough, the 
engine will become smoky, due to low air pressure and imperfect 
combustion, and finally stop for want of sufficient air to spray the 
fuel into the cylinders. 
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possible to keep tlie engine o|)eiating, iilthough the compressor 
temperature will be higher than usual, especially at the leaky 
valve cage; but if the leak is large enough, the pressure will rise 
rapidly and the relief valve on the alTeeted stage will blow. When 
this happens, the compressor must be stopped until the defective 
valve can be repaired. In case an auxiliary compressor is avail¬ 
able and it i.s not desirable to stop tin' engine, the defective com- 
pre.ssor may be cut out by idosing the suction to the first stage 
and operations continued, using air from the auxiliary. 'I'he 
rapidity of pressure rise will offer an indication as to the nature 
of the trouble, a .slow rise indicating leakage due to .slightly 
defective valve seats, dirt under valves, warped valves or defec¬ 
tive gaskets and a sudden, rapid rise indicating a broken or stuck 
valve. When the normal operating tcmperatui'e has been 
exceeded, it is well to examine the valve springs at the first 
opportunity, as the heat will often take all the temper out of the 
springs and render them ineffective. In most compre.s.sors tin' 
valves are contained in cages and seat on the cages, so that, 
destruction of a valve .seat does not involve renewal of a com¬ 
pressor cylinder or head. These cages rest on scats in the 
cylinder or head casting, and a tight joint is made by means of a 
gasket. These gaskets freipiently leak, due to being burned in 
■service or being careles.s|y put in. Copper or paper makes IIk^ 
best gaskets for these joints, and in general the thinner tlu^ 
gasket the better it will hold. The most .satisfactory joint, 
however, is made by removing the gasket and using a metal-lo- 
mctal joint. 

Whenever the engine is stopped, the discharge v.alves in the 
high stage can be quickly tested for tightne.ss by leaving the air 
line between spray bottles and compressor open and opening the 
indicator cock on the high-stage cylinder. If air blows through, 
the discharge valves are leaky. If tin; indicator cock is clo.si'd 
and the second-stage gage shows pressure, the high-stage suction 
valves also leak. 

Regrinding Valves.—In regrinding all types of valves, a very 
meager amount of powdered glass and vaseline is u.sed. The 
valve should be rotated very lightly, with no prc.ssure exerted on 
it and the valve cage. After grinding, all parts must be thor¬ 
oughly washed with kerosene or gasoline. A defective valve 
reveals itself in the change in the air pre.ssure. 


2S 
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Air Suction. —If the plant is at all dusty, an air pipe with the 
free end covered by a fine mesh screen should be run from out¬ 
side of the building. If this is not possible, the suction connec¬ 
tion at the compressor should be screened with a fine-mesh 
netting, covered with muslin. The dust will collect on the 
screen, and the engineer need not bo informed that he must clean 
this screen at least once a week. 

Air-compressor Lubrication.— This will be more fully dis¬ 
cussed in the chapter on Lubrication. The engineer is quite 
safe in following factory instructions as to the amount of cylinder 
lubrication he should use. It is not advisable to increase the 
amount recommended, since any oil that is not destroyed in the 
cylinder will collect in the air piping. This oil deposit will quite 
likely explode, especially if the air temperature is not maintained 
below 1.50 deg. As a safeguard, the discharge line should be 
e(|uipped with an oil separator and relief valve. The latter is 
absolutely necessary. A precaution that can well be observed in 
every plant is the daily purging of the air line and bottles of all 
collected oil and moisture. ^ 

Intercooler Tubes.— When salt water or water with high acid 
content is u.sed for cooling, it may soimdimes happen that the 
intercooler tubes will become pitted through and air will be 
discharged into the water space, stopping the flow of water and 
causing the compressor to overheat. In the case of vertical 
engines leakage of air into the cooling water will bo shown by a 
large amount of air collecting in th(> water-jacket space in the 
cylinder heads. A check on this is obtained by frecpiently 
opening the air cocks on the cylinder heads. The cooling of the 
air should bo watched carefully and it should always be borne in 
mind that the temperature of the discharge air has a direct relation 
to the temperature of the suction air. A pretty good indication 
as to general operative condition of the compre.ssor can be 
obtained from the thermometer in the discharge line from the 
compressor. If the temperature here ri.ses above normal, con¬ 
ditions are wrong somewhere and an investigation is in order. 

Compressor Clearance.— Whenever the compressor bearings 
have been adjusted, the engine should not be started until the 
linear clearances of the compressor pistons have been checked. 
These clearances are sometimes as little as H 2 'n., and a 
very slight bearing adjustment will cause a large clearance 
change. 
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Injection Air Pressures.—It is usual to carry air pressures from 
700 to 1,000 lb. per square inch. Each design of fuel atomizer 
requires a certain air pres.surc to inject the oil properly. This 
pressure will vary with the resistance or “braking” action of 
the atomizer disks. It follows that no set pressure values can 
be given which will apply to all engines. However, the curve in 
Fig. 229 gives the relation between engine load and injection 
pressure that is correct for practically all clo.sed-nozzle engine.s. 
For open-nozzle units the pressure will run some .50 to 100 lb. 
lower than is given in the table. 

On low loads the amount of fuel deposited in the spray valve i.s 
small. Since in most engines the time during which the s|)ray 
valve is open is constant regardless of the load, there will Ik; a 
large amount of air blowing into the cylinder after the oil has all 
been injected. This air will chill the burning oil and decrease the 
power. In addition, since the work of compressitig air is not at 
100 per cent efficiency there is a loss in engine efficiency. By 
lowering the air pressure on light loads the air loss is less. 
Besides a small oil charge does not offer as great a resistance to 
flow as does a large charge—a high air |)ressure is not needed. 

Compressor Wear. —The eompre.ssor cylinder attd piston doc.s 
not experience as much wear as the main engine pistons. Due 
to the air loss with only a nominal clearance, a givcir wear has a 
greater ill effect in the case of the compressor. The wear is often 
found to be in a direction parallel to the shaft. This is caused, 
undoubtedly, by sideplay of the engine shaft. The Diesel 
Engine Users' Association reports the wear in one 4-in. eompre.ssor 
after 0,000 hr. of service to be as follows; 



Wear parallel ' 

Wear at right 


to aiiaft. 

anglea to 


1 Hi. j 

' shaft, in. I 

i 

End. 

0 002 ‘ 

0 008 

I'Ain . 

0 002.') i 

0 004 

12 in. 

0.003.5 . 

0 tm 


Capacity of Compressor.— The compressor capacity jrer engine 
horsepower varies over a wide range, depending upon the builder, 
etc. 

A formula which gives a safe value is 
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SguAHK Pbbt or Coil StiHrAt t: per 
('t'Bic Foot or Free Air 
Stage Cdoi.bij Comprembd per MiNirTK 


I»\v prefSHurc 17 

Intorinotlijitp 4 

High pressure t 


Air Reservoirs.—Modern onlines nrc usually fitted with three 
air tanks, one of those heing kept on the air lino while the engine 
is in operation; the other two are used for starting and as a reserve. 
The receiver capacity varies greatly with engines of different 



makes. In all cases there should bo at least 10 times the .stroke 
volume of one engine cylinder. The arrangement of the air tanks 
and their gages, placed clo.se to the engine, i.s shown in Fig. 279. 
This view was taken at the Calumet sewer plant, containing 
four 7.50-hp. Buseh-Sulzer Type C engines. 

Moisture in Injection Air.—Many operators who have not 
studied the problem are unable to understand why there should 
be moisture deposited in the air lines after compre.ssion by the air 
compressor. This a(!tion is due to the vapor pressure of mois¬ 
ture in the air. Taking 1 cu. ft. of space which may be assumed 
to be filled with air at atmospheric pressure, 0 gage (14.7 lb. 
absolute pressure). If this air is at 60 deg. F., the maximum 
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pr(!s.sure that can bo exerted by the water vapor in this culiic foot 
is 0.25 lb. absolute. The maximum weight of water vapor that 
may exi.st in the cubic foot of space i.s 0.0008 II). A.s the temixsra- 
ture is increa.sed the vapor pre.s.sure is raised and the weight of 
water vapor will also change. The vapor pn'.ssurc and weight, of 
vapor per cubic foot of air at various tempcu’atures arc as follows: 


'i’KMJ'KUATUIlE 

Vm'OK I'nKSHrRB 

Wt i)K Watku 

1)E(J F. 
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The air entering the compressor is by the action of compression 
reduced in volume. As example, 100 cu. ft. is redue('d to a 
volume, calculated by the equation PiVi = P-iVt, of M.7 X 
100 = 900 Ts or Fj = 16.3 cu. ft., a.ssuming that the inter- 
coolcns and aftercoolcrs bring the air temperature back to 60 deg 
F., its original temperature. By the table at 60 dog. the amount 
of water vapor in a cubic foot is 0.0008 lb. The 100 cu. ft. of 
•suction air had 0.08 lb. of water vapor. Conso(iuently the 
difference in weight (0.08 — 16.3 X 0.0008 = 0.0669G) will settle 
out as water in the discharge pipe and receivers. It hai)pens 
that the amount of water vapor in the atmosphere is never the 
maximum amount (that is, the humidity is under 100 per cent) 
and so the weight of water thrown down per 100 cu. ft. of air 
compressed is less than shown above, the value given being the 
maximum possible amount. The operator will sec the advisa¬ 
bility of frequently opening the water-bleeder valves on the air 
receivers. Stoppage of the engine duo to failure to remove the 
water is by no means unheard of. At times when moisture 
reaches the fuel valves the engine will pound. This is caused by 
the water delaying the ignition of the fuel after it enters the 
cylinder. When ignition occurs the crank is past dead-center and 
the engine pounds. 
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COOLING SYSTEMS 

Typks of Systhms. Pumps. Watku I’uniFicATioN 

Distribution of Heat Losses. -Various (‘.\|H‘riin(‘uts on tlio 
subject of Diesel he,at lo.ssc's check very closely as to liiial results. 
The consensus of oinnion is that the total heat evolved in the 
eoinbustion of a charge of oil in the engine cylinder is absorbed 



in doing work and in various losses in the engine at the following 
percentages: 


Heat generated m the cylinder . . 

100 

Heat converted into work. 

30 

Ifeut lost in engine friction 

0 

Heat lost in the exhaust gases 

2.S 

Heat absorhed by the cooling water 

34 

Heat lost by radiation, etc .. .... 

2 


Figure 279ri covers the losses at various loads. These values are 
the result of a number of experiments on various engines. If 
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the work done is 30 per cent of the heat generated, then the engine 
will consume 8,470 B.t.u. per brake horsepower. The cooling 
water must l)e of a quantity .sufficient to absorb 34 per cent of 
the amount or 2,879 B.t.u. in round numbers 3,000 B.t.u. per 
hour. 

Cooling Water Required.—The calculations necessary to 
employ in determining the amount of cooling water required for a 
Diesel are (piite simple. As an example of the maximum amount 
that could be used, the intake water temperature at the jacket 
entrance can be taken as 90 deg. This is at least 10 deg. higher 
than normal, even with a cooling pond. The engine discharge 
water tenyrerature can be taken as 140 deg. F., which is 20 deg. 
below tlft value most succes.sfully used. Then the rise in tem¬ 
perature will be 50 deg.; consequently each pound of water will 
absorb 50 B.t.u. The water per hp. hour will be 


3,000 

50 


()0 lb. 


This expressed in the form of an equation appears as 


where 

W 

X 

H 

ti 

h 


W = 


XII 

100 ((, - h) 


weight of water required per hp. hour, 
percentage of heat absorbed by the water, 
total heat supplied to the engine, 
discharge water temperature deg. F. 
intake water temperature deg. F. 


The inlet and discharge temperature given may not check with 
those observed in any particular installation, nevertheless the 
temperature range is approximately correct; it is this factor that 
is important. Table XXV gives the temperatures and quantities 
of water passing through Diesel engines. 'I'liis table is the result 
of a test on three McIntosh & Seymour 500-hp. Diesels installed 
by the 'Texas Light and Power Co. at Paris, Texas. Since 
these engines were developing close to 500 hp. each, this value 
may well be assumed in computing the water rate per brake 
horsepower. With this assumption the water per brake horse¬ 
power per minute was lb. or 75 lb. per brake horse¬ 

power per hour. This considerably exceeded the value computed 
above, which can be explained on the grounds that both the 
exhaust head and air compressor were maintained at a very low 
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tcmpcratuio. In ordinary oporation (liose oTiginos fpsh'd do not 
carry the exhaust header temperature lower than 130 to 135 
deg. F. 

The cooling system should then bo ba-sed on a pumping and 
cooling tower capacity of at least GO It), per brake horsepower 
per hour of installed engine rating. The gallons of water per 
horsepower hour for various temiK'rature rises is shown in 
Table XXIV. 

Tablk XXIV,— Table of (’ooLi.Nt; Water UEQimiEi) jn (.Iallonb feu 
HuAKK iloiCsEIMlWEB HoUH 


Inlot 

tfiiiporu- 


turc 


led 

50 

7 2 

C 5 

5.5 

8 I 

7 2 

GO 

0 2 

8 1 

«5 

10 8 

ft 2 

70 

13 0 

10 8 

75 

10 2 

13 0 

80 

21 0 

10 2 

85 

32 4 

21 0 

00 


32 4 


tonipi'fiilnr*'. doj 


Ki:. 

110 

U". 

.5 0 

' r, 4 i 

5 0 

(; 5 

1 f) 'J [ 

5 1 

7 2 

() 5 

5 9 

8 1 

' 7 2 

() 5 

9 2 

1 K 1 ' 

7 2 

10 8 

1 9 2 

8 1 

13 0 

! 10 K 

9 2 

Hi 2 

' i:i 0 

10 8 

21 (i 

10 2 

13 0 , 

32 4 

21 0 

10 2 




12(1 

12:> 

! W 

« 

4 0 

4 3 

4.1 

5 0 

4 0 

4 3 

5 4 

5 0 

4 0 

5 9 

5 4 

5 0 

(i 5 

5 9 

5.4 

7 2 ' 

0 5 

5 9 

8 1 : 

7 2 

0 5 

9 2 i 

8 1 

7.2 

10 9 

9 2 

■ 8 1 

13 0 

10 8 

9 2 


Types of Cooling Systems. Open System for Small Plants.—• 

Two designs of cooling systems are in (juitc general usir. r’iguro 
280 outlines the oiren system often found in small installations. 
With this design the water from the engine jacket is discharged 
through a distributing pipe D on a cooling tower C. The water 
drips down through the tower and is stored in the sump A, from 
which point it is drawn by the circulating pump B and forced 
through the engine jacket and out the discharge again. When 
this system is adapted to a horizontal engine, the discharge line 
should rise vertically from the engine until it is above the cooling 
tower distributing pipe. With such a layout it is necessary to 
place a vent pipe in the discharge line, immediately above the 
engine. This prevents the formation of steam or air pockets in 
the jacket with consequent overheating of the cylinder. 

While the figure embodies a centrifugal circulating sump, this 
design of pump is one that .should never bo employed with a 
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system not liaving an overhead tank. Tlio objection to this 
pump i.s based on the lial)ility of losinR the .suction. This is of 
frequent occurrence whim tlie drive belt becomes dirty or oily, 
and in the best-kept plants a belt at times break.s. 

There i.s a serious objection to this system that makes its 
use inadvisable under any condition with a Die.sel engine. The 
discharge, being at some distance from the engine, is not under 
the observation of the o|)('ralor. The circulation can be broken 
without the knowledge of the ojicrating force; this has resulted 



" cooliiiy wnler system 


in broken cylinder heads and jackets in a number of ca.ses. As a 
safeguard, a check valve with an outside lever connected to a 
bell-ringer is recommended. 

Open Cooling System.—Figure 281 is the sehematie layout of 
the open cooling system with a storage tank. With this sy.stem, 
the water is stored in the overhead tank and enters the cylinder 
jacket at A; after cooling the engine, the water discharges into 
the open funnel at B, flowing into the sump C. A centrifugal 
pump D lifts the water from this sump and discharges it in the 
top of the cooling tower K. In dripping down this tower the 
water is cooled and, collecting in the catch basin F, is lifted by the 
pump G and forced into the overhead tower. This system is 
frequently u.sed without the overhead tank. With this plan the 
pump G forces the water through the engine jacket. It is at once 
apparent that this latter plan is objectionable since it is depen- 
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(lent on the [)nmp 0 for the steady flow of water. If the suction is 
destroyed, the system at once becomes dangerous. Low-pre.ssure 
engines are often installed with this system, but the cost of a 
Diesel plant is entirely too great to ignore the overhead tank. 
A 30,000-gal. tank with a 30-ft. steel tower can be installed 
at a cost of approximately $4,000. The interest on the invest¬ 
ment ($240) is a low premium on the insurance of protection 
again.st engine damage due to lack of cooling water. 



With a few engines the cooling water, after passing through the 
engine, is used to cool the exhaust header. With others the water 
is first passed around the air compressor and inter- and after¬ 
cooler before entering the engine jackets. Results from these 
cooling methods are fairly satisfactory. The proper cooling pipe 
layout embodies individual lines to the air compressor and coolers, 
to each engine cylinder jacket, to the valve cages and to the 
exhaust headers. All these lines should have brass cocks in the 
intake side, and the discharges should all lead to a common 
discharge funnel. Each discharge line may well bo fitted with 
thermometers, while a single thermometer on the intake line 
before the lines branch to the various parts is sufficient. 

Faults of Open Systems.— Not only must the supply of water 
be adequate to remove the heat rapidly from the cylinder walls, 
but the water must not contain much impurities either in solution 
or in suspension. If it docs, the water jackets will soon become 
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clogged with scale or mud, tlic effects of whicli arc just as harmful 
in an oil-engine wafer jacket as in the water space of a steam 
boiler. However, there is (his difference: In a steam boiler, 
scale will form from the sulphates and carbonates of caleium and 
magne.sium held in Solution, while in an engine water jacket, 
where the temperatun' never exceeds the boiling point (212 deg. 
F.), only the carbonates are precipitated as scale when (he water 
is heated. In other words, a certain water containing a consider¬ 
able ((uantity of sulphates but not carbonates might have a 
bad record as a boiler water, but would l)e .satisfactory for cooling 
an engine. However, such cas('s are com|)aratively rare, as 
waters containing any mineral salts in solution are seldom free 
from carbonates. Water containing more than 0 grains per 
gallon of calcium and magnesium carbonates shoidd not be used 
in engine jackets. 

Carbonates are held in solution by an excess of carbon-dioxide 
gas in the water. When this gas is tlriven off by heat, the 
carbonates are precipitated in the form of a hard white scale 
which adheres firmly to the walls of the jacket and forms a non¬ 
conducting coating which retards the transniLssion of heat from 
the metal walls to the water. The consccpience is that the 
metal walls attain an abnormally high teini)orature, causing 
inequalities in expansion and, when the scale is thick enough, 
finally resulting in excessive stresses which cause the casting to 
crack. 

Originally, water cooling sy.stems were designed merely for the 
purpose of saving water where it w<as scarce or expensive. More 
recently, however, such .systems are being used, even though 
hard or dirty water is abundant, in order to supply engines with 
soft clean water. 

The cooling towers, or o|)en cooling .system.s, ju.st dc.scribcd, 
have unfortunately two serious faults. Iti the first place there 
is a considerable lo.ss of water, I hrough evaporation and wind, and 
in arid climates where water is scarce, sufficient makeup water Ls 
often hard to obtain at a reasonable cost. The loss is usually 
from 4 to 10 per cent of the water pas.sed over the cooling tower. 
Many oil engines are installed in arid districts in Arizona, Kansas, 
Oklahoma, etc., where this quantity of makeup water can be 
obtained only at prohibitive cost. 

The second serious fault of open cooling systems is the fact 
that they concentrate the impurities in the water. If the water 
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is hard, scale will be formed in the engine water jackets the same 
as in a simple cooling system where the water is discharged to 
waste. But in the open cooling system, e.vcn with water only 
slightly hard, concentration of tlu; mineral salts in solution 
occurs rapidly, so (hat a water originally safe soon becomesloaded 
with scale-forming constituents and deposits a coating of scale 
in the engine water jackets. This concentration of impurities 
occurs because the evaporation at the cooling tower consists of 
pure water only and the materials originally dissolved in the 
evaporated water remain behind, dissolved in the rest of the 
water. With new makeup water mineral constituents are adikal 
to the system, which thus becomes more and more impure, 
resulting in scale (h'posits in the water jackets. The same proc¬ 
ess of concentration of impurities occurs in a steam boiler and 
necessitates blowing down occasionally to get rid of the impure 
water. 

Because of these two serious faults of open cooling systems— 
expense of makeup water and danger of scale -the modern 
inclosed cooling systems were developed. 

Inclosed Cooling Systems. —The modern cooling system goes 
under the name of Inclosc^d Cooling System. This type over¬ 
comes the two serious faults of open cooling systems; namely, 
expense of makeup water and danger of scale. It I'erpiires 
practically no makeup water and, when once tilled with soft 
water which cannot form scale, will recirculate it continuously 
for a long period. 

The principal feature is that the jacket wat('i' is recooled in 
pipe coils over which raw water is showered, 'fhe only place 
where the engine water is exposed is at the visil)le outlet. The 
loss is therefore negligible and a sufficient amount of good makeup 
water (rain water, for example) can almost always be easily 
obtained. Any quantity of water may be showered over the 
outside of the cooling coils. 

A typical inclosed cooling system is shown in Tig. 282. This 
system is filled at the start with soft water. The warm water 
from the engine outlet is discharged into a funnel on the engine- 
room wall, from which the water runs into a sump pit. From 
this pit a circulating pump delivers the water into the cooling 
coils (usually outside the building) and thence up into the over¬ 
head tank from which the engine is supplied by gravity. 
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Tlio raw wator for cooliiiK the pi[M' coils, if availaljlc in largo 
(luantilios, may l)c distrilmtcd over tho coils hy moans of a 
slotted gutter pipe in the same manner as an atmospheric 
ammonia condenser in a refrigerating system. With this 
arrangement a cooling coil made of twelve 2-in. pipe.s 21) ft. long 
is aderinatc for a lt)l)-hi). modern-l yj)e oil engine. For an engine 
of this size the raw-water supply should 1)0 2!> gid. jjer minute. 
The ca|)aeity of the overhead storage tank, the sump pit and 



the soft-water circulating pump should l)c the same as for tho 
open cooling systems previously descrilred. 

Where there is a scarcity even of inferior water for showering 
over the outside of the pi])e coils the inclosed cooling system as 
arranged in Idg. 282 may be used, d'he raw water itself is 
caught in a basin below’ the pipes and pumped by a .second pump 
over an open screen-type cooling tower, wh('rc it is recoolcd and 
then used again over the pi|)e coils. 'J'he logical location for the 
wire screens is over tho pipe coils themselves, so that the cooled 
raw water as it drops off the bottom of the screens falls directly 
on the top pipes of the cooling coils. To .secure the best results, 
the pipe coils arc made lower than in the ordinary case previously 
described, and for a lOO-hp. ctiginc are recommended two coils 
each made of si.x 2-in. pipes 20 ft. long. Over each coil is 
mounted a mesh wire screen 6 ft. high and 20 ft, long. 

A second enclosed system is illustrated in Fig. 283. This is 
the arrangement used on four 750-hp. Busch-Sulzer two-stroke- 
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cycle engines in the Cahanet sewer-pumping plant at Chicago, 

III. 

The cooling system consists pi inciiially of a double centrifugal 
pump unit with a motor having its shaft extended at both ends 



Fill. 28,'!.—I'ooliiii! sy.stem with heat exchanKer. 


mounted betwetm them as a common prime mover, a heat 
exchanger and a booster centrifugal pump for handling the piston 
cooling water and necessary piping. 
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Circulating or raw water, which, normally, will be river water, 
is drawn from a storm sewer by the circulating-water pump, a 
basket strainer being placed in the suction line. The water is 
circulated through the tube side of the heat exchanger, Fig. 283, 
and out to the dischafgc sewer. 

The engine-cooling water is taken from a hotwell in the base¬ 
ment by the cooling-water pump which is the .second element of 
the double pumping unit, and is forced tlnongh the shell side of 
the heat exchanger, and then through the cooling-water jmssages 
of the engine. The cooling water upon leaving the engine Hows 
by gravity back to the hotwell, whei e it is again circulated through 
the cooling system. A small booster centrifugal pump takes a 
part of the cooling water as it leaves the heat exchangerand forces 
it through the cooling pa.s.sages of the engine pistons, the water 
returning to the hotwell by gravity. 

Water Pipe.—All the water lines in the engine room are best 
laid in pipe chases. This places the piiring out of sight and 
provides more room in the plant. The pijw should be extra 
heavy galvanized pipe; though the in'cssurc is small, this thick¬ 
ness of pipe prolongs the life of the syst(‘m. The threads in all 
fittings must be clean and sharp, while the pipe ends should be 
fidly threaded. Ked Icarl or olher dope must be avoided, whih^ 
the unions should have either ground joints or copper gaskets; 
rubber gaskets are at best of short lif(^, and a pi|)c line should be 
made up in such a way that it will never give trouble. In 
those engines where water is .admitted direct into the exhaust 
pipe, the drip line from the exhaust .should not discharge into 
the cooling-water discharge; due to the carbon in suspension, 
it is advisable to run this drip to the .s(nvcr. Frccpicntly the fuel 
contains enough sulphur to oat iron pipe if em[)loyed in the 
drip lino; consequently brass drips can be more profitably used. 

Cooling Towers and Tanks. -As has been already explained, 
an overhead tank is advisable in every Di(!scl installation. A 
steel tower and tank of from 2,'>,000 to 30,000 gal. capacity 
is sufficient for any installation under 3,000 hp. since in this 
maximum case a 30,000-gal. tank would provide, in the event 
of pump failure, cooling water for one and one-half hours. Plants 
of 300 hp. or less will find a wooden tank on a wood tower quite 
satisfactory. Fig. 284. A 12 by 12-ft. tank of 2-in. cypress staves 
will hold close to 12,000 gal. and can be erected on a 30-ft. tower 
at a cost of $1,200. A tower made of 8 by 8-in. yellow pine with 
26 
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the joints reinforced by steel plates and braced by diagonal 
steel rods is amply strong for this tank. 

Cooling Towers.—If a supply of raw cooling water can be 
secured from a shallow well, the best plan is to install a power well 



pump and allow the discharge to waste into the sewer. Unfor¬ 
tunately such a supply is seldom available, and some form Of 
cooling tower whereby the discharge water can be cooled for reuse 
becomes a necessity. This, in most installations, consists of an 
upright wooden tower filled with slats down which the water 
trickles and is cooled by the upward current of air. Like all 
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structures, the tower may be constructed at an expense ranginK 
from a few hundred to several thousand dollars. The former 
cost covers a simple tower for a .small plant, while a largo installa¬ 
tion demands the more expensive construction. 
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Plants of 300 hp. will find the tower in Fig. 285 fairly economical 
in first cost and amply large for the required cooling. This 
tower can be erected at a total material and labor charge of $600. 
The sump under a tower is made 24 in. deep but can easily be 
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(Ipoppnod at slight expense. The % hy If,-in. foundation bolts 
should bo inserted at the time the concrete is poured. The frame 



of 4 by O-in. timbers, resting on 6 by 6-in. sills, is large enough, 
especially since the ship-lap sides further strengthen the structure. 
The sides are sealed with the ship-lap with the idea of having 
the air currents enter the tower under the bottom row of baffles 
and pass out at the top. If the sides are open, practically no 
circulation is set up. 






COOLISa SYSTEMS 


4or) 


Tho ilisclmrgc from the Piiuino first flows into flic main Iroiinh 
and, passing through a scrips of holes in the trough sides, enters 
the distriliuting troughs. 'I’lu; latter are notched to allow the 
water to overltow before completely filling the trough. This 
feature is of advantage when the troughs .settle. 'I'he holes in 



the main trough can be plugged, thereby offering means of con¬ 
trolling the distribution of the water. 

Figure 280 .shows a somewhat .similar design for an installation 
of 1,000 hp. In the particular plant when; this tower was used 
a cooling pond with spray nozzles was originally employed. 
In erecting this tower, tho pond was retained as the sump. As 
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the drawing shows, the tower was placed on the pond bank, and 
a drip surface of 1 by 10-in. ship-lap covered with three-ply 
rubberoid roofing was placed under the tower. In this drawing 
the tower sides arc boarded tight with ship-lap However, this 
was not carried down below the bottom baffles. On windy 
days the water was blown out the open sides at the bottom, caus¬ 
ing a washing of the bank and a .settling of the tower sills. In 
erecting a tower, the sides should always be carried well down 
below the bottom baffles. 

For plants having a capacity of 1,.500 to 2,000 hp. the more 
elaborate tower design in Fig. 280/1 will prove more suitable. 
This tower has the sides covered with louvres while the top is 
carried above the trough, forming a chimney. This construction 
provides an increased volume of air passing through the sides 
while the chimney gives the necessary draft. 

Circulating Pumps.—In the small one-engine plants where a 
single operator cares for the machinery, the most approved type 
of circulating pump is either an outside packed triplex pump or 
a horizontal plunger pump. A large percentage of plants have 
centrifugal pumps, but this type is dangerous in the small plant. 
If an overhead tank is a part of the installation, the centrifugal 
pump offers no objectionable feature. In those plants not 
po,sse.ssing the protection of the overhead tank, the loss of the 
pump suction, as often occurs with this pump, is dangerous. The 
pump, in small plants, should, if possible, bo chain-driven from 
the engine shaft since a broken belt is to be avoided at all costs. 

Large installations usually employ motor-driven centrifugal 
pumps. With the overhead storage as a plant protection, this 
pump is by far the best for large plants. 

In placing the pump, the suction line should be made as short 
as possible and the lift kept at a low value. In discharging into 
the overhead tank the pipe should run to the top of the tank 
rather than enter the tank bottom. This places a constant head 
on the pump, and, in case the pump suction valve leaks the entire 
tank will not empty. A by-pass line from the tank bottom can 
be run into the pump discharge for priming purposes. 

Both the tank and the cooling-tower pumps should be installed 
in accessible places in the plant. The common practice of put¬ 
ting the pumps in out-of-the-way corners has nothing to commend 
it. The various water lines can be painted in different colors; 
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this enables the operator to trace out a line with a minimum 
of difficulty. 

Handling of Cooling Water.—.After an engine is stopped, the 
working part.s contain a large amount of heat. To remove this 
heat and bring the pi.ston, cylinder, cylinder head to a low tem¬ 
perature without danger of any part cooling faster th.an another 
and so cau.sing di.stortion, the cooling water should be allowed 
to run for from fifteen minutes to one-half hour. The flow need 
not be heavy. 

Upon starting the unit the cooling water should be started 
through the engine before it is turned over. However, in engines 
that are worn considerably the cooling water may lower the 
cylinder leinperature below the ignition point. Under such 
circumstances it is i)ermissible to start the engine before the 
water valve is opened. Since tlu' jacket is filled with warm 
water there will be no danger of fracture. 

In extreme cases of low comprc.ssion operators have gone so 
far as to drain the jackets before starting in order to eliminate all 
cooling lo.ss. In one inotorship this was the common practice, 
but the danger that accompanies the action is obvious. It is 
far better to have a small vertical boiler and heat the jacket 
water before starting the engine; even live .steam may be u.sed if 
the jackets arc first heated with the steam and then filled with 
hot water. 

The operator should endeavor to keep a con.stant jacket 
discharge temperature. Much damage has occurred by rea.son 
of too wide a variation in the jacket teinpinature. 

Exhaust Distiller.—The logical method of water i)urilicalion, 
if rain water is not available, is the employment of an exhaust 
distiller. This heater is placed in the engine exhaust line and 
absorbs part of the heat contained in the exhaust gases. The 
engine cooling water ordinarily loses 3 per cent of its volume in 
being cooled in case an open-system cooling tower is used. The 
make-up water necessary to balance this loss is first circulated 
through the heater and is converted into steam at atmospheric 
pressure. This steam is then led to a closed heater where it is 
condensed by cooling water from the source of supply. The 
heater is, in form, nothing but a steel tank filled with 2-in. tubes 
through which the water circulates. The heater in Fig. 287 has 
both heads flanged, which feature allows the tubes to be bored 
out with a hydraulic turbine tube cleaner. 
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O'o raisn the temperature of the feed water l)eforc it enters the 
tank, (lie feed lino can easily be passed through the engine 
exhaust pot. This will raise the temperature to about 150 deg. 
In computing the size of heater required for any given plant, 
1 s(p ft. of heater surface per horsepower will be amply large 
to absorb all availalile exhaust heat. The heat wasted by the 
engine will average .'1,()()() Il.t.u. per horsepower, and the heater 
will abstract 2,000 H.t.u. This will give roughly 2 lb. of make-up 



water per horsepower. Since the cooling loss will not exceed 
3 per cent, this amount of make-up water is sufficient even when 
the quantity of water used exceeds the usual 00 lb. jrer brake 
horsepower. 

Temperature of Cooling Lines.—Kach engine po.sse.sses indivi¬ 
dual characteristics that preclude any set rules as to the tem¬ 
peratures that .should exist in the discharge cooling lines from 
the various parts. Table XXVI is the schedule that is followed 
in a plant containing three 5()0-hp. vertical Die.sels. These 
values give the best possibli‘ operating results as applied to these 
particular units. 

T.^hi.k .\.\ VI. - Cool. ini; W.Maai niseiuiion Tr.MrKii.\TiiuKs 


Oku. F 

Air comprcs.sor discliiirgo In.'S 

Inter-and aftcrcoolcr discliargc 10.5 

liixhaust licadcr discharge 130 

Cylinder jacket discharge 150-160 

Exliaust valve discharge. 120 
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Recovering Heat in Cooling Water and Exhaust. 'I'Ikmo is, ns 
indicated in Fig. 279, a large amount of the heat of the fuel lost 
to the cooling-water jacket and to the exhaust. The sum of the.so 
two losses may he taken, strictly six'aking, as lit) per eent of the 
heat in the fuel. l$y suitable means a large percentage of this 
loss may he recovered. 


K 

I 


Fk;. Jb7A Sin).9 cxlmu-Hl licaior 

Two methods have been u.scd with .success. One of these, by 
far the simpler, is to connect the engine’s cooling jacket to the 
heating system of the factory. By using ample radiating surface 
the entire jacket-water heat may be u.sed in healing the plant. 
As example, a,ssume the engine capacity is .'>00 hp. With a 
fuel consumption of 0.4 lb. per b.hp.-hr. the hourly rate of fuel 
consumption would be 500 X 0.4 = 200 lb. If the oil contains 
18,500 B.t.u. per pound and the jacket absorbs 80 per emit of this, 
the jacket water will deliver hourly to the heating .system 200 X 
18,500 X 0.30 = 1,110,000 B.t.u. or the equivalent of api)roxi- 
mately 1,100 lb. of steam. An evaporation of 5 lb. of water 
per pound of coal is representative of heating-plant practice. 
The jacket-water recovery is then equal to 220 lb. of coal i)er 
hour or 5,280 lb. per day. 
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Recovery of Exhaust Heat. —A large part of the exhaust-heat 
loss may be recovered by installing some form of exhaust gas 


Table XXVII.—Capacity of Sims Heatehs 
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I Using both Exhaust and Jacket Water, this Heater will produce 5 lbs. 
|of Steam per JI. P. per hour at 10 lbs. pressure. 


heater. For low-pressure work, say 10 lb. gage, a castiron heat 
interchangcr similar to Fig. 287A has been quite generally used 
in this country. The amount of steam evaporated, or water 
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heated, is shown in Table XXVII, this data being issued by the 
Sims Heater C'o. 

For high-pressure work a steel shell boiler is necessary and the 
length of the boiler must be such that the gas temperature does 
not drop below the vapor condensation point. If this is not 
taken care of, corro.sion will .set in in the tube ends. 

The waste-heat boiler has been largely developed in England, 
and if part of the jacket water is u.sed for the boiler f('ed it is possi¬ 
ble to obtain a boiler output of from 2 to d lb. of .steain per Diesel 
horsepower output. 
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DIESEL FUEL OILS 

COMBUSTJON. CLAHKIflCATION OK I'UKLS. AcTlON OK FuELS. 

I’UEL Sl'ECIKK'ATIONH. FlLTEKS. TaNKS 

Combustion.- TIk^ process of coinhiisfion wliicli liikcs place 
in the eylitider of an intornal-conibiisl.ion entwine i.s simply a 
chemical reaction. In actuality tin* cylinder is merely a chem¬ 
ist’s retort wherein the atoms of hydrogen and carbon, which 
make up the body of the fuel charge, unite with the oxygen con¬ 
tained in the air charge, forming oxides. The carbon in its 
union with oxygen forms either carbon monoxide (CO) or carbon 
dioxide (CO 2 ). In this latter chemical reaction an atom of car¬ 
bon unites with two atoms of oxygen forming one molecule of 
carbon dioxide; this combustion rclca.scs 14,600 B.t.u. per pound 
of carbon and raises the remaining unburnt carbon to the incan¬ 
descent point. Unless there is sufficient oxygen present to unite 
with this incandescent carbon, the latter unites with one of the 
oxygen atoms of the carbon dioxide ((’O 2 ), causing the entire 
carbon oxide to a.ssume the form of carbon monoxide (CO). 
Since the reaction is incomplete, the heat released by the forma¬ 
tion of carbon monoxide from carbon aTui oxygen is less than 
that produced by the complete reaction, CO 2 . The value is 
approximately 4,380 B.t.u., making evident the heat loss when 
the combustion is not complete. All Diesel cylinders are of 
ample volume to give .sufficient oxygen for complete combustion. 
If the chemical reaction is not fully carried out, it is due to 
causes other than an insufficient supply of oxygen. In most 
instances the defect is traceable to poor atomization wherein 
the oil charge is not separated into particles of such minute 
dimensions that each carbon atom contacts with the required 
oxygen atoms. If the oil droplets entering the cylinder are of 
fairly large diameter, the oxygen is in direct contact with only the 
carbon at the surface of the droplet. The carbon atoms within 
the droplet must receive their oxygen from the carbon dioxide 
412 
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formed at the surfaec, causing the ('(I 2 to break into ('() and Os 
to supply oxygen to the inner earl)on atom. For this reason the 
engine’s effieieney depends on tlie degre(' of atomization of the 
fuel charge. The ehemieal reactions taking place probably 
follow this order; 

('+ 0, = COj (I) 

C + ('()., = 2('0 ( 2 ) 

2('()-F (),,=-• 2(’( >2 (3) 

'I'lie hydrogen atom of the oil molecule also imiti's with the 
oxygen, foiining water (lljO) or rather water vapor commonly 
e.alled steam, the reaction being as follows: 

211.J + (>2 = 2 II. 2 O (4) 

This reaction generates (12,101) B.t.u. per pound of hydrogen. 
’I’he e(|uations do not refer to the actual weight of the carbon, 
oxygen and hydrogen but merely indicate the relation of the 
atoms. Since the atomic weights of the various substance.s 
differ, it follows that the weight of each substance entering into 
the reaction depends on its atomic weight wherein a hydrogen 
atom has unity weight, carbon 12 and oxygen It). Furthermore, 
where oxygen and hydrogim are not in coml)ination with other 
gases, both oxygen and hjalrogen have their atoms, or most 
minute particles, in gnmps of two or more. iMpiation (I) can 
tlum be written 

C + 0 , = ('(>2 

12 + 32 = 14 

indicating that 12 parts by weight of carbon combining with 
32 parts of oxygen form 44 parts of carbon dioxide; then, 1 
lb. of carl)on recpiires or 2.07 lb. of oxygen to be converted 
into 3.07 lb. of (3)2. Since a pound of air contains lb. 

of oxygen, there are 11.0 lb. of air reipiired in the combustioti 
of 1 lb. of carbon. Air of 02 deg. F. has a volume of 13.14 cu. ft. 
per pound; the 11.0 lb. then have a volume of |.')2.1 cu. ft. The 
hydrogen reaction (1) can be written as follows: 

2112 + O 2 = 21120 
4 + 32 = 30 

where 1 lb. of hydrogeti re(|uires 8 lb. of oxygen or 34.78 lb. of air. 

While the petroleum oils contain hydrocarbons of a varied 
structure, the equation below, covering the ethylene .series of 
hydrocarbons, outlines the process of ecpiating the reactions 
taking place. 
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CsH* + 3O2 = 2CO2 + 2H2O 
28 + 90 = 88 + 36 

whore 28 lb. of ethylene require 90 lb. of oxygen to form 88 lb. of 
carbon dioxide and 30 lb. of water or steam. Since 23 per cent 
of the air is oxygen, 417 lb. of air are rc(iuired to consume the 
28 lb. of C 2 H 4 , of which 77 per cent, or 321 lb., is nitrogen, which 
experiences no chemical reaction. Then, for perfect combu.stion, 
the percentage by weight of the exhaust products would be 
(:02 HjO N 

Carbon dioxido Water Nitrogen 

20 8 72 

These are the theoretical percentages and are (juitc different 
from tho.se obtained on an actual Diesel engine t(wt when; the 
percentages obtained were as follows; 

C()2 CO N 0 

Carbon dioxide Carbon monoxide Nitrogen Oxygen 

7.2 0.2 81.6 11 

The H 2 O percentage was not obtained in the t(;st. 

In Diesel construction the designer always provides a cylinder 
volume which gives a large excess air capacity. It is u.sual to 
figure on from 18 to 28 lb. of air per lb. of fuel. 

Fuel Classification.—Liquid fuels that are available for use 
in the Diesel engines fall into three groups. The first includes 
those hydrocarbons of the paraffine, olefiant and acetylene 
series, such as are familiarly known as the petroleum oils, the 
principal family being the paraffine series Cnll 2 iiT 2 ' The second 
group covers the licpiids known as benzol derivatives, such as 
coal tars. The third group is composed of the many vegetable 
oils containing hydrocarbons, such as peanut oil, palm oil, 
cocoanut oil and oils from other tropical and sub-tropical vegeta¬ 
tion. The last group, up to the present time, has not been used 
commercially since their cost has been far above that of the 
petroleums. The coal tars are employed to a considerable 
degree in Europe; Germany, especially, has given much attention 
to the adaptation of the Diesel to these oils. The increasing 
favor of the tar oils has been largely induced by the low cost of 
these oils and by the import duty laid on the petroleum oils. In 
Germany the import duty is equal to the cost of the fuel delivered 
at the wharf. 

In the United States no fuel other than the petroleum oils has 
found favor; this is attributable to the low price and convenience 
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of these oils. Some speculation has been indulged in as to the 
advisability of using the American tar oils. However, this will 
be unnecc.ssary for many years to come since the petroleum 
output is about .WO,(MX),000 barrels per year. Approximately 40 
per cent, or 200,000,000 barrels, of this oil remains after the 
gasolene, kerosene and light distillates have been ili.stillcd off. 
These heavy rc.sidual oils are marketable as road surfacers, boiler 
fuel and Diesel fuel oils. Since the Die.sel plant can offer a 
higher price than is justified by the boiler plant, a large part of 
this oil may be r<'gnrded as a iwtential Diesel supply. The 
total of 200,000,000 barrels w'ould furnish fuel for more than 
15,000,000 hp. on a 24-hr. service. This is many times the total 
Diesel installation in America. 

Furthermore, the Mexican oil fields are of vast productive 
pos.sibilities. The many internal disturbances in Mexico have 
.served somewhat to limit the output; this is being overcome, and 
large (piantities of Mexican crudes are even now on the market. 
These oils offer but small inducements to the refiner .since they 
carry very low percentages of the lighter distillates. The 
Mexican oils arc marketable only as boiler fuels and Diesel 
oils. Their employment in a Diesel entails more attention from 
the engine operator than do the higher gravity oils of the United 
States. There is however, no constructional grounds for ignoring 
the Mexican fuels when the supply of the American oils is 
depleted. 

Of the petroleum oils of the United States those of the Fastern 
and Midcontinenlal fields prove the most satisfactory in Diesel 
operation. This is a generality, however, and oils from wells in 
the Southern Texas fields, where the fuel is somewhat similar to 
Mexican crudes, give excellent results. The Diesel plant can 
purcha.se oils covered by rigid specifications, but the only posit ive 
way to determine the suitability of an oil is to run a test. It is 
of no advantage to test a single barnd since no engine will reveal 
the objectionable features of a fuel on a one-barrel test. The 
lowest quantity to experiment with is at least ten barrels. 

The petroleum oils on the market as Diesel fuels range from 
South Texas and Mexican crudes, which contain too small a 
percentage of gasoline to ju-stify distillation, up to 40 deg. distil¬ 
late, which Is actually a low-grade kerosene. Most Diesels are 
burning fuel oil from 20 to 30 deg. B4., which is a residue 
left after the gasoline and kerosene constituents have been 
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(listillf'd out of flu; cnulc and which has hccn (iltcrcd to remove 
the dirt. This oil ordinarily is desulphurized, which process 
eliminates practically all the sulphuric acid which was introduced 
in the di.stillation. This fuel oil has a varied color, ranging from 
light yellow to a deep black. The color is no criterion of the 
gravity of the oil, the crudes of various fields differing widely 
in color. 

The Die.sel fuels fall under the following grades: Stove Oil, 
Solar Oil, (las Oil, Distillate, Fuel Oil, Diesel Oil, Desulphurized 
F'uel Oil, Crude Oil, Tops. 

Stove Oil.—This is a trade naim; attached to a low-grad(; 
koro.sene from 69 to 44 deg. 156. gravity. The oil is ordinarily 
of a yellow-white color having a dirty appearance. It is quite 
serviceable for a low-eomprcs.sion engine hut cannot be termed a 
desirable Diesel oil since it flows very readily and will pass 
the injection atomizer disks without being broken up. Blowing 
into the cylinder alu'ad of the air, it produces severe preignitions. 
It is of advantage only as a starting oil that can be used in cold 
weather for the purpose of warming the engine before the heavier 
fuel oil is introduced. It constitutes a serious fire hazard if any 
large quantity is kept on hand. Its price, which averages 2 to 
4 cents above fuel oil, would make its adoption inadvisable even 
if it were an otherwise desirable fuel. 

Solar Oil.—This is a trade name covering some of I In; lighter 
grade distillates and may vary over a wid(' range iii gravity 
from 36 to 42 deg. Be. Lik(; stove oil, it cannot be classed 
among the desirable fuels and shoidd be used otily where fnapicid. 
starting and stopping arc usual, such as in a Die.sel-engined tug. 
Serious preignitions are of frerpient occurrence with this fuel. 
Its price is usually some 2 cents pc'r gallon above fuel-oil 
quotations. 

Fuel Oil.—This term covers all oil residue that remains after 
distillation has removed the gasoline, kerosene and light dis¬ 
tillates. Dependent on the particular crude, the fuel oil may 
vary in gravity from 20 to 32 deg. B6. In practically all 
cases it is black in color, though some of the Eastern oils have a 
light color, as also have certain North Texas fuel oils. When 
properly filtered, etc., it is the most desirable fuel that can be 
purchased. Since all the light volatile gases have been removed, 
there is little danger. It is low in price in comparison with either 
crude or the light oils. 
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Gas Oil.—After the kerosene, gasoline, etc., liavo been 
removed, if the distillation temperature is sufficiently increased, 
all the remainder of the crude will distil over, with the exception 
of a heavy tarry portion which is sold for road surfacing. These 
heavy distillations arc called gas oils and arc sold for Diesel 
consumption. They arc superior to the fuel oils, being free from 
asphaltum residue, but their price, which is above that of fuel 
oil, somewhat limits their application. 

Diesel Oil.—This is a refinery trade name for a filter fuel 
oil. It is sold at a .slight advance over the unfiltered fuel and 
has a ready market in the Midwest. For small plants where 
no filtering apparatus is installed it is th(‘ fuel that should be 
purchased. 

Distillate Oil.—The distillate oils range in gravity from 80 to 
39 deg. I!6. They have a yellow-gr('en ting(! .and arc. the 
products of a distillation, being vaporized at a higher temperature 
than is kerosene or stove oil. They are ideal fuels for hot-bulb 
engines, but the price is entirely too high to he attractive for 
Diesel use. 

Tops.—Topped oil is the residue after the ga.solene has been 
removed. It is lUil commercially ofTered in any but limil(!d 
(piantities and can be ignored in making a Ic'st of Diesel fuels. 

Crude Oil.- Within this ela.ss fall all eruih' oils which have 
undergone no process of distillation and which are marketed as 
they come from the well. With the exception of some South 
Texas and Mexican crudes which do not justify distillation, no 
crude can be obtained save in limited (piantities. In .some locali¬ 
ties the owners of small wells sell tin' raw crude to the local 
plants. Since the range in the character of oils forming the 
crude is great, it is not a desirable oil. The gasolene content 
becomes a fire hazard that cannot be ignored. The functioning 
of the engine on the crude is by no means perfect. 'I'ln; Mexican 
crudes do not carry such a range in hydrocarbons and perform 
fairly satisfactorily if the engine’s fuel nozzle and combustion 
chamber arc designed to atomize and mix the air and fuel in an 
efficient manner. 

Using Low Grade Oil in the Diesel Engine. -Thc first 
problems that arise in connection with the use of the low- 
grade fuels arc those involved in transportation, storage and 
pumping, due to their high viscosity; and since viscosity is a 
function of temperature, these problems concern methods of heat 
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application. It should ho noted that the relation between 
Ilaumd' gravity and viscosity is not constant, and two oils from 
different localities may have the .same Baum6 gravity, yet vary 
considerably in viscosity. For this reason the fact that an engine 
is operating on Ki-deg. I)^. fuel oil does not necessarily mean 
that the same method of treatment would permit operation with 
another oil of the same gravity. The Baum6 gravity does, 
however, give a rough indication of the suitability of an oil for 
use as Diesel-engine fuel and the conditioning treatment required. 

As indicated by tin! low sulphur content called for in the 
specifications for special Diesel fuel, it has been considered 
that sul|)hur in the low-grade oils, resulting in the formation 
of sulphurou.s-acid gas during combustion, constituted the chief 
bar to their use. Water vapor is produced by the combustion of 
the hydrogen in the fuel, and if the cxhau.st g.ases are coole<l 
sufficiently to condense this water vapor, it cojubines with 
the sulphurou.s-acid gas and becomes actively corrosiv(^ to the 
metal of the valves and cylinder liners. 'I'liis eonden.sation 
cannot occur while the engine is in operation becau.se the exhaust 
gases leave the cylinders at a temi)erature of about (JUO deg. F., 
which is much above the coiuhmsing temperature of the water 
vapor. The coi'rosive effect, then, can be expected oidywln're the 
engine is stopped and after the gases left in the cylinders and 
exhaust passages cool to the eonden.sation point. The easiest 
method of i)reventing this corrosion is to keep on hand a small 
(piantity of the higher-grade Diesel oil or kerosene and u.se it 
for the engine fuel a few minutes before shutting down and 
likewise upon starting. This eliminates the ilanger of sulphur¬ 
ous-acid gas remaining in the cylinder during the cooling-down 
period and its formation during the warming-up period, for 
kerosene contains no sulphur to unite with the water vapor. 
This method of operation is desirable for other reasons to be 
pointed out later. 

Practically all the available boiler oils arc asphalt-base oils 
and the principal difficulty in their use arises from the asphalt 
content, which is much harder to burn than any of the other 
constituents. If conditions arc not right, an engine may operate 
for a considerable length of time by burning the more easily 
combustible constituents, leaving the asphaltic residue to collect 
in the piston-ring slots, on valve stems and in exhaust passages 
in the form of a tough, clastic gum. This gummy substance is 
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combustible if sufficient heat is supplied, but after it once becomes 
attached to metal surfai^es not directly in I he zone of highest h<‘at, 
the metal carries away the heat so lapidly that a temperalun! 
high enough to insure combustion of the gum cannot be attained. 
It can be removed only by opening up the cylinder and taking 
out the piston. This means that if operated under the condition 
just mentioned, the friction load du(' to the accumulation on the 
piston gradually reduces the elTective power of the engine and 
finally forces a shutdown for removal and cleaning of piston and 
rings. 

A cold piston may be removed from its cylinder so gummed 
up with this residue that the rings are frozen ab.solulely tight in 
their slots in the compre.s.scd position, but if the piston and rings 
are heated with a blowtorch, the residue becomes fluid and the 
rings will spring out to their normal position and can readily be 
removed. ('ases have been known where this tenacious asphaltic, 
gum has accumulated on the piston to such an e.'ctent that, with 
the cylinder head off anil the turning gear in operation, the fric¬ 
tion between piston and cylinder has been sulficient to push the 
liner out of the cylinder. In lho.se cases it was noted that all the 
accumulation was on the sides of the pistons and the piston to|)s 
were ipiite clean. The top is normally the hotte.st part of the 
piston and there is sufficient heat to burn all the fuel that may 
strike the top. 

Burning Crude Oil. —If the cylinders, heads, (listons and valves 
can be brought to normal working temperature before the crude oil 
is admitted, combustion will be completi' and no residue will 
be deposited. It is practically impossible (o heal the.se parts up 
to the desired temperature without actual running, and if the 
engine is started with the heavy fuel, .several minutes’ running 
must elapse before the normal running temperature is reached. 
During thi.s time the unburned part of the fuel is depositing 
on the exposed metal surfaces, and even after the highest practic¬ 
able working temperature is reached, this deposit cannot be 
burned off except from the stirfaces within the combustion space. 
That part of it that reaches the sides of the jtiston and the piston¬ 
ring slots never burns. Every time the engine is started, the 
accumulation at thc.se points is added to, and finally a condition 
is reached that makes starting impossible. During the period 
of incomplete combustion unburned particles of fuel are carried 
by the exhau.st ga.ses, and .some of them strike the exposed portion 
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of the exhaust-valve stem every time the valve opens. They 
accumulate in the clearance space between the valve stem and 
its guide and eventually cause the stem to stick. The simplest 
method of preventing these troubles is to start the engine on a 
light, easily burned fuel oil and operate with this oil until the 
engine is thoroughly heated, then switch to the heavy oil. 

It is highly important, however, to maintain always this 
high-temperature condition within the cylinders. It is the highly 
heated compressed air within the combustion space that must 
be depended upon to burn the asphalt in the fuel. The tempera¬ 
ture of this air depends upon two thing.s—the amount it is com¬ 
pressed, or the ratio of its volume after compression to its volume 
before con\pression, and its temperature at the beginning of com¬ 
pression. For normal operation with the light(w grades of oil, the 
clearance .space is adjusted to produce a pre.ssureof 480 to 500 lb. of 
air after compression. To insure complete burning when using 
heavy oil, this compression pressure should bo increased to 500 to 
525 lb., and the jacket cooling water should be regulated .so that the 
engine normally runs hotter with heavy fuel than with light. No 
fixed rule as to water temperature can be given that will be applic¬ 
able to all engines, but usually tln^ limiting factoi' is the clearance 
between cylinder walls and i)iston. Any jacket-water tempera¬ 
ture below the boiling point is perniLssible it this clearance is 
sufficient to allow the resulting piston expansion. 

Quite as important is the problem of keeping the fuel in a 
sufficiently fluid state to permit correct atomization in the cylin¬ 
ders and efficient performance of the fuel-measuring pumps. 
The degree of finene.ss to which the individual particles of oil are 
reduced in the atomizing process naturally has an influence on the 
ease of burning, as the more completely the oil is broken up the 
easier it is for the air and oil to combine. Viscosity has a direct 
effect on atomization and on the ability of the pumps to handle 
the oil, but it has been determined exircrimentally that if the 
viscosity of any oil is reduced sufficiently to meet the atomization 
reciuiremcnts, it will be sufficiently fluid to pass through the 
pumps. The only practicable method for reducing viscosity is 
by the application of heat, and the amount of heat required varies 
with different oils. 

Heating Fuel Oil. —It is frequently necessary in northern 
states to heat the oil before it will flow from the tank car to the 
storage tank. For this a steam coil supplied by a small boiler 
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may be used. Hot water will seldom stiffiee since the tank eoi) 
is limited in size. 

The fuel should be filtered by some form of cent rifugal separator 
placed between the car and the storaRe as in FiR. 288. In this 
way the dirt, and asphaltic substances never reaeh the storaRe 
and the jatter is k('pt clean. 


Q 



1 h(> storaRe tank should have a healiiiR coil placed about the 
pump-suction pipe; hot water may be obtained in any of .several 
ways. Such a coil is shown in FiR. 289. If the coil is placed 
alonR the bottom of the tank, 1 .s(|. ft. of pipe surface to each 
60 ft. of tank volume is ample. 

.•\n effective way to obtain hot water for oil lieatinR i.s to place 
a hot water heater in the exhaust lin(“ and run part of the warm 
jacket cooliiiR water throuRh this heater as outlined in FiR. 290. 

In hig. 291 the exhaust jjipe ha.s a copper coil in.scrted in one 
section. Thks coil i.s filled with water which circulates around 
the strainer shown just above the pumps. 

Often a water-jacketed oil filter is all that is needed. Such an 
apparatus is illustrated in Fig. 291yl, warm cylinder-jacket water 
Ireing used to keep the oil fluid. 
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, Hoiler oil, as has been indicated, ref|iiires more operating care 
and adjustment. (!onse(niently, before purchasing such fuel in 
preference! to a, say, 20 d(‘g. Bd. oil, these facts must be 
considered. Unless th(! fuel saving is more than enough to cover 
a large increase in maintenance cost the higher |)rice fuel is to be 
pr(!ferred. 

Heat Value of Fuel Oils - It is self-evident that the oils having 
a higher heat value! are! meere valuable than those oils with a low 



Tank cinls 


heating value. ,\11 other epialities being eepial, the cennparativc 
value's e)f two eiils are in direct jeroportion with the ratio of their 
heating values. If oil of 30 deg. Bd. gravity having 18,000 
B.t.u. pe'r peeund is epiotcd at $3.00 per 100 gal. or $5.12 per 1,000 
11)., an oil containing 20,000 B.t.u. is eejually attractive at 
$4 per 100 gal. or 15.09 per 1,000 lb. The policy of purchasing 
oil by the gallon is not to be recommended, although it is the 
custom to epiotc in this manner. Orders for oil should be placed 
on the pounel basis since the heating value of oil is so computed. 
Since the pounds per gallon of fuel oil of 30 and 20 deg. Bd. 
are respectively 7.294 lb. and 7.777 lb., it is apparent why the 
heavier oil is worth more per gallon. 
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In purchasing oil the heating value should always bo given or 
required. If the chemical analysis of the oil is given the heating 
value of fuel oil in B.t.u. per pound can be determined by 
Inchley’s empirical formula: 




B.t.u. per lb. = 13,500 C + 60,890 H 
in which C and H are the proportions by weight of carbon and 
hydrogen, respectively, and the heat value is the “high value.” 
This is about 1,000 B.t.u. per pound higher than the low heat 
value, wherein an allowance is made for the total heat carried away 
from the furnace by the water vapor produced by the cottdrustion 
of the hydrogen. To determine the lower heat value accurately, 
deduct from the higher value 8,730H in which H is the proportion 
by weight of hydrogen in the oil. 

Another formula for the high value, proposed by Sherman 
and Kropff, is 
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B.t.u. per lb. = 18,600 + 50 (dog. B6. - 10) 

5,600 

= 13,0.50 + 

.speeinc gravity 

This formula is based upon the specific gravity of the oil and 
gives results corresponding closely to the calorific values obtained 
with a calorimeter. 

Gravity.—The usual method of indicating the weight of crude 
or fuel oil is by the Baumd .scale. The numbers of this scale are 
given by the formula: 

Degrees Baum6 I i — 130 
is-g- J 

where s.g. is the specific gravity, water being —1—. The 
.specific gravity can be determined by a hydrometer. The 
gravity of a fuel, in itself, is of no vital importance; however, it 
can be generally (‘inployed as an indication of the oil’.s freedom 
from a largi' residue content and from a heavy percentage of the 


.X.XVIll. I'llK Hacmb .SeAI.K 


Degrocs 

I’uui>d» per 

' Sperjfifl 

Degreoa 

i Pountla por 

1 Speeifto 

Bauni6 

r S gallon 

gravity 

Hau(ii6 1 

1 U. tS gallun 

\ gravity 

10 

8 330 i 

1 (KK) 

20 

7.477 

0 897 

11 i 

8 277 1 

0 993 

1 

7.435 

0 892 

12 

8 219 j 

0 986 

! 28 

7..385 

0 886 

13 

8 101 1 

0 979 

29 

7 344 

0.881 

14 

8 102 i 

0 972 

30 

7.294 

0 875 

15 

8 052 

0 966 

31 

7 252 

0 870 

10 

7 994 

0 959 

32 

7.202 

0 864 

17 

7 935 

0 952 

33 

7 160 

0 859 

18 

7 885 

0 946 

34 

7 119 

0 854 

19 

7 835 

0 940 ! 

35 

7 069 

0 848 

20 

7 777 

0 9.33 1 

36 

7 027 

0 843 

21 

7 727 

0 927 

37 

6 985 

0.838 

22 

7 677 

0 921 1 

38 

6 944 

0 833 

23 

7 627 

0 915 j 

39 

6.902 

0 828 

24 

7 577 

0 909 1 

I 40 

6.869 

0.824 

25 

7 527 

0.903 





more complex hydrocarbon.s that are difficult to burn in a Diesel 
engine. Table XXVIII is a table of the relation of Baum6 
gravity to pounds per gallon. 
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Tank Outage.—-Table XXIX gives the amount of oil .shortage 
in lank cars for an oil level a given distance below the tank top. 
'I’Xble XXIX. —OuTAOE Table fob Oil Tank Cabs 


Incves 

Out 

Galloni 

6000 

Gallont 

6648 

Gilloni 

7191 

Galloiu 

7000 

Gsltoni 

8060 

GtJlODI 

8260 

Gtllou 

10060 

1 

17 

17 

16 

18 

23 

20 

20 

2 

47 

47 

49 

60 

69 

57 

66 

3 

86 

88 

80 

92 

101 

103 

103 

4 

132 

138 

120 

HI 

164 

169 

161 

8 

1S3 

196 

167 

197 

216 

221 

226 

6 

240 

260 

219 

258 

283 

289 

300 

7 

301 

326 

276 

324 

355 

363 

379 

8 

366 

396 

337 

394 

431 

442 

461 

« 

436 

468 

403 

468 

612 

626 

648 

10 

607 

644 

474 

649 

696 

612 

638 

It 

683 

623 

560 

628 

685 

703 

730 

12 

661 

705 


712 

775 

798 

828 

13 

742 

700 

712 


871 

896 

931 

H 

826 

878 

79.6 


969 

996 

1037 

IS 

Oil 

967 

881 

981 

1070 

1100 

1146 

IS 

098 

1059 

969 

■MB 

1173 

1207 

1267 

17 

1088 

1164 

■MB 

1176 

1279 

1316 

1373 

IS 

1180 

1260 

1149 

1270 

1386 

1427 

1491 

IS 

1273 

1348 

1242 

1378 

1498 

1641 

1610 

20 

1868 

M47 

1336 

1482 

leii 

1667 

1732 

21 

1466 

1649 

1429 

1688 

1726 

1774 

1867 

22 

1662 

1662 

1624 

1696 

1842 

1893 

1986 

23 

1661 

1756 

1020 

1804 

1961 

2014 

2114 

24 

1762 

1862 

1717 

1914 

2080 

2137 

2244 

28 

1863 

1969 

1816 

2026 

2201 

2261 

2375 

28 

1066 

2076 

1916 

2139 

2324 

2380 

2507 

27 

2068 

2186 

2015 

2252 

2448 

2613 

2642 

28 

2172 

2296 

2117 

2368 

2373 

2641 

2779 

28 

2276 

2407 

2219 

2484 

2699 

2789 

2916 

39 

2381 

2619 

2323 

2601 

2827 

3899 

■MSI 

31 

2487 

26.31 

2427 

2719 

2955 

3029 

3194 

32 

2593 

2744 

2633 

2838 

3083 

8161 

3334 

33 

2700 

2868 

2639 

2967 

3212 

3292 

3476 

34 

2806 

2972 

2749 

3077 

3342 

3426 

3018 

39 

201-3 

3087 

2866 

3197 

.3472 

3568 

3761 

3S 

3020 

3203 

2964 

3318 

3603 

2691 

3905 

_ 


Dirt in Oil.—Dirt has a deleterious effect on the valve.s and 
piston. There is no excuse for any oil being dirty as filtering will 
remove all the dirt in suspension. While the upper limit of the 
dirt and coke is set at 10 per cent, a value of half this amount can 
well be adopted .as the upp(‘r limit, of the residue carried by the 
oil. For the purpose of removing any dirt, a filter consisting of a 
flanged tank carrying a brass cylindrical screen which is jirovided 
with a felt gasket at the base, the upper flange holding the screen 
against this gasket has been used in .several plants. Terry cloth 
is wrapped around this screen. The large area of the terry cloth 
enabh's the filtering to be carried on at a slow rate. A 1,000 hp. 
filter, 12 by 24 in. outside diameter, is required to filter Ifo gab 
per hour per square inch of screen area; this gives a velocity of 
0.4 in. per minute. The terry cloth screen may be of as many 
thicknesses as desired. Three folds ordinarily give ample 
filtering effect. To clean, the top flange is removed, the screen 
lifted out and new cloth wound on the screen while the dirty 
cloth is washed. 

A centrifugfil filter, such as outlined in Fig. 288, is likewise very 
efficient as a dirt remover. This type of separator has been 
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largrly tisrd in tlio oil fiolds to rrmovo the water and dirt out of 
the oil etnulsion peculiar to certain wells. 

Flash Point.—The Ihish point of oil is merely that leinperaliirc 
at which the oil gives off a vapor that will ignite in the pre.senee 
of an open flame. This point should not 1 h‘ helow 20(1 deg. F. 
for two reasons. First, if the oil has a lower flash poini than that 
given above, there is a fin’ risk due to oil vapors forming under 
atmospheric conditions. SecomI, if tlu' Hash |)oint is low, the 
oil, as it rests in tlu' cngiiu' fuel valve, may vaporize and ignite 
on account of the ahsor|)lion of heat from the injection air and 
the cylinder head. If tiu' flash jxiint is exceedingly high, (he 
ability of (he oil to burn in the short tirru’ allowed during (he 
adini.ssion period is lessened. In this the flash i)oint is merely 
an indication of the vaporizing characteristics of the oil. 

It should be added, at this point, that no person should be 
allowed to a|)proaeh an oil s(orng<' tank with an open light. 
Neithei- should an unprotected electric lamp b(' dropped into the 
tank. In cleaning out an empty tatik, llu' cover should be 
removed and tin’ tank left open for at least forty-eight hours 
before a man is allowed to enter the tank. The oil vapors dispel 
very slowdy; more than one death is traceable to carelessne.ss in 
(his matter. 

Burning Point. -'I’he burning jioint of an oil is that tem¬ 
perature at whi<'h the oil ignites and burns in an open cup. By 
■some it is claimed that (he burtiing point in no way indicates an 
oil’s usefuba'ss as a Diesel fuel. 

Nev('r(h(’less, if tin' burning point is high, with a corresponding 
high flash [loint, the oil will caus(‘ fhe engine exhaust to be smoky. 
'I'his is attributable to (he sluggi.sh rate of combustion. If the 
burning point is fairly low, the fuel charge need not be .so thor¬ 
oughly atomized to obtain perfect combustion. As a matter of 
practical oiieration, a fuel oil should not have its burning point 
exceed 300 deg. F. or l.aO deg. ('. 

Sulphur.—The sul|)fiur content should under no circumstanco 
exceed 2 per cent. With this low vahu’ the action of the sulphur 
dioxide on the cast-iron parts is negligible. Even this small 
amount of sulphur will attack the cxhau.st pipe line if a water line 
runs into the exhaust header for cooling purposes. In the pres¬ 
ence of the water a formation of sulphuric or sulphurous acid 
occurs with a consequent eating of the header. On certain early 
Die.sels where water was introduced into the exhaust valve pots, 
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(Ik! cdiTosion from the sulphur was very evident. If the cooling 
of th(^ cylinder head and exhaust header is carried at a tempera¬ 
ture low enough to condense the lUO resulting from the process of 
combustion, sulphuric acid may form in the exhaust. This is 
especially ti'ue on low loads when the operator neglects to I'cducc 
th(' flow of cooling water. 

The American Die.sels had splash lubrication employing an 
emulsion of oil and water. The sulphur dioxide gas, blowing 
past the piston, came in contact with the emulsion, forming 
sulphuric acid. The acid attacked all the iron and steel parts of 
tlu^ crankcase and cylinder. 'I'he, same effect may be observed 
in engiru's having a water-cooled piston. If the water connec¬ 
tions leak, small portions of tin? joints will show the effects of 
acid. A corrosive action is at limes observed in the cylinder 
immediately below the, head joint. This is undoubtedly the 
result of wal('r seeping past the flange gasket and uniting with 
the sulphur in the fuel. 

Water. —I'lu' presence of water in Diesel fuel oils is obj(‘clion- 
ablc from the viewpoint of both th{‘ purchasing agent and the 
plant operator. It retiuires no argument to prove that it is of 
no advantage to buy the water content of the oil. The water 
increa.ses the net cost of the fuel while likewise increasing the 
freight charges. Ordinarily this is not of great moment since the 
percentage of water is never large. 

The engineer is justified in protesting against an c.xccssivc 
amount of water since it. increases his operating difficulties. In 
certain fields wIku-c! the oil conn's from flowing wells, instead of 
from “[jumpers,” the water and oil exist in an emulsion. The 
emulsion also entrains a large quantity of air globules. As this 
combijiation of oil, water and air enters the fuel pump the air 
often breaks away from the oil and, collecting in the pump, dis¬ 
turbs the functioning of the valves. The air, water and oil 
mixture has a greater volume than a pure oil charge of equal 
heating value. This increased fuel volume demands an increased 
air-injection [jressurc to force it into the cylinder. 

If the water is in a free state, it will settle at the bottom of the 
oil storage lank. If this is not drained at frequent intervals, the 
water level will reach the end of the fuel suction line, with 
the result that the fuel valve injects nothing but a water charge 
into the engine (cylinder, d'he engine then drops its load and 
slows down. This constitutes one of the most serious nuisances 
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that occur in a plant. When it docs happen, the entire fuel line 
must be purged of the water and the storage tank drained. It is 
practically impossible to secure oil that is entirely free from water. 
Th(^ storage tank can bi! arrangisl with a float which will permit 
the oil suction line to be below the fluid level at all times and yet 
never touch the bottom where th(^ water rests. 

When an engine ceases functioning in all the cylinders, it is 
usually an indication either of no fuel or of water-logging. If 
there is no fuel, the engine ordinarily first runs irregularly befoie 
stopping. With water entering the cylinder the cessation of 
ignition is almost instantaneous. 

Ash. —The damage resulting from the presence of ash in the 
fuel is over-estimated. This residing remaining unburnt in the 
engine cylinder is of a mineral character, being silicate, quartz or 
iron oxide. There is no dovdrt that any decided percentagi' of 
these substances will score an engine cylinder. Fortunately no 
oil is off(‘red for Die.sel fuel that has an ash percentage above 0.0.5 
p(‘r cent.; this amount is so slight that its pro.s('nce is not revealed 
through any engine trouble. 

Viscosity.- -The viscosity of an oil has no bearing on its adapta¬ 
bility as a ni('sol fuel. The thickest, most sluggish oil can be 
made quite free-flowing through the application of heat. In the 
Northei'n states every oil storage tank should have heating coils 
for use in the winter months. If these coils are connected with 
the discharge cooling water before it enters th(' cooling tower, 
the heat abstracted is am|)le to rnaki^ the oil free-flowing. 
In the cold climates it is always advisable to have a tank inside 
the building of at least one barrel capacity. If shut-downs are of 
more than a few hours duration, the engine should be run on 
kerosene or stove oil until the heavy oil becomes fluid. It is 
necessary to drain the fuel pump and lines on a shut-down to pre¬ 
vent clogging of the lines with congealed oil. 

Acid.—To avoid corrosion in the pumping and cylinder parts 
the oil should be devoid of any trace of aciil. 

Typical Oils.— In Table XXX are shown the characteristics 
of a number of oils. The Baumf; gravity may be found by 
comparing the specific gravities with those in Table XXVIII. 

Navy Oil Specifications. —The following cover the specifica¬ 
tions of the United States Navy. It will be noticed that the oil 
for the submarine Diesels is of better grade than the standard 
Diesel fuel. 
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Special Fuel Oil for Diesel Engines in Submarines.— 

Th(! specification covers (he grade of oil used hy (he United 
Staies (loverninent and i(s agencies as a fuel for Diesel engines 
in submarines. 

Fuel oil shall be a hydrocarbon oil, free from gri(, acid, and 
fibrous or other foreign matt('rs likely to clog or injure the burners 
or valves. If recpiired, it. shall be strained by being drawn 
through filt('rs of wire gauze of Ki meshes to the inch. Th(! 
clearance through (he slraiin'r shall be at least twiiM' the area of 
suction the i)ip(', and the strainers shall be in duplicate. 

i*K(H’Kl{T[h.s \NI> 'I'Ksrs 

Fldsh Point .—.Method 110.21. The flash point shall not be 
lower than l.W deg. I'. (I’ensky-.Martens closed tester). 

Water and iSVd/;«c/d. -.Method 3()t),3. Wat('r and sediment 
combined shall not amount to more than 0.2 per cent. 

(tarhon Rtsiduc. .Method 500.1. 'I'ln^ carbon residui! shall 

not exceed 0.5 per cent. 

Precipitation Ab(w6(T. -.Method 3lt).l. The precipitation 
nimdx'r shall not In' greater than t).5. 

.Ml tests shall be made according to the methods for testing 
petroleum products contained in I’art 2 of Technical pai)er 
No. 323, Bureau of .Mines. 

Fuel Oil (Navy Standard).-- This specification laivers (he grade 
of oil used by (he United States (lovernment and its agencies 
when' a high-grade fuel oil is recpiired. This oil may be used in 
Dif'sel engines. 

Fuel oil shall be a hydrocarbon oil, free fromgr it, acid, and 
fibrous or other foreign matters lik(>ly to clog or injure the burners 
or valves. If re(piired, it shall be strained by being drawn 
through filters of wire gauze of Ki meshes to the inch. 'I'he clear¬ 
ance through the strainer shall be at least twici' the area of the 
suction pipe, and tin' strainers shall be in duplicate. 

I’nOt'EHTIKS AND TksTK 

Flash Pomt.—.Method 110.21. The flash point shall not be 
lower than 150 deg. F. (Pensky-Martens closed tester). In case 
of oils having viscosity greater than 30 seconds at 150 deg. F’. 
(Saybolt F'urol viscosimetei') (8 d('g. Fngler), tin* flash point 
shall not be below the temperature at which the oil ha.s a viscosity 
of 30 second.s. 
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Vincmtiiy .—Method 30.3. The viscosity shall not be greater 
than 100 .s(:oonds at 77 deg. F. (Sayholt Fiirol viscosimeter). 

Sulphur .—Method 520.21. Sulphur shall not be over 1.5 per 
cent. 

Water and Sediment .—Method 300.3. Water and sediment 
combined shall not amount to over 1 per cent. 

All tests shall be made according to the methods for testing 
petroleum product.s contained in Part 2 of this paper. 

Bunker Fuel Oil “A.”—Thi.s sjiecification covers the grade of 
fuel oil used by the I’nited States (lovernment and its agencies 
whore a low-viscosity oil is required. This oil may be used in 
Die.sel engines. 

Fuel oil shall be a hydrocarbon oil, free from grit, acid, and 
fibi’ous or other foreign matters likely to clog or injure the burners 
or valves. If re(|uired, it shall be strained by being drawn 
through tilt.('rs of wire gauze of Iti meshes to the inch. The clear¬ 
ance through the strainer shall be at least twice the area of the 
suction pipe, and the strainers shall lee in duplicate. 

PllOI’EItTIES ANU 'PE-ST.-' 

Flash Faint .—Method 110.21. The flash point shall be not 
lower than 150 deg. F. (Pensky-Martens closed tester). In case 
of oils having viscosity greater than 30 seconds at 1.50 deg. F. 
(Sayholt b’lirol viscosimeter) (8 deg. Englcr), the flash point shall 
not be below the temperature at which the oil has a viscosity of 
30 .seconds. 

Viscosity.—Method 30.3. The viscosity shall not be gri'aler 
than 100 seconds at 77 deg. F. (Sayholt Furol viscosimeter). 

Water and Sediment.—Method 300.3. Water and sediment 
combined shall not amount to over 1.0 per cent. 

All tests shall be made according to the methods for testing 
petroleum products contained in Part 2 of paper No. 323. 

Bunker Fuel Oil “B.”—Thi.s .specification covers the grade of 
fuel oil used by the United States (lovernment and its agencies 
where a more viscous oil than bunker oil “ A ” can be used. This 
oil may be used in Diesel engines of a type adapted to an oil_ of 
medium viscosity. 

Fuel oil shall be a hydrocarbon oil, free from grit, acid, and 
fibrous or other foreign matters likely to clog or injure the burners 
or^valves. If required, itshall be strained by being drawn through 
filters or wire gauze of 16 meshes to the inch. The clearance 
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through the strainer shall l)e at least twiee the area of the suetion 
pipe, and the strainers shall Iw in dnplicate. 

1’roi’Ertiks <nd Tests 

Flash Point.—Method llt).2l. The Hash point shall he not 
lower than 151) deg. F. (IVnsky-Marlens closed tester). 

Viscosity.—Method 30.2. The viscosity shall not he greater 
than 100 seconds at 122 deg. F. (Sayholt Fiirol viscosimeter). 

Water and Sediment.—Method 300..1. Water and sediment 
combined shall not amount to over 1.0 per cent. 

All tests shall be made according to the methods for testing 
petroleum products contained in Fart 2 of pajrer No. 323. 

Bunker Fuel Oil “C.”—This specification covers the grade, of 
fuel oil used by the United States Oovernment and its agencies 
where a high-viscosity oil is satisfactory. This oil may lx- used 
in Die.sel engines of a type adapted to ai\ oil of high viscosity. 

FMcI oil shall be a hydrocarbon oil, free from grit, acid, and 
fibrous or other foreign matters likely to clog or injure the burners 
or valves. If required, it shall be strained by being <lrawn 
through filters of wire gauze of l)i meshes to the inch. The 
clearance through the strainer shall be at least twice the area of 
the suction pipe, arid the strainers shall be in duplicate. 

I’llOFKUTIKS AND 'PksT.S 

Flash Point.—Method 110.21. The Hash point shall be not 
lower than 150 deg. F. (Pensky-Martens closed te.ster). 

Viscosity.—The viscosity shall not lx; greater than 300 seconds 
at 122 deg. F. (Saybolt Furol viscosimeter). 

Water.—Method 300.1. The water content shall not be 
more than 1.0 per cent. 

Note —Oil may be accepted containing not more' than 2 0 per cent of 
water. In this case a deduction in price for all water over 1 t) per cent 
shall be made. 

Sediment.—Method 300.2. The .sediment content shall not be 
more than 0.25 per cent. 

All tests shall bo made according to the methods for testing 
petroleum products contained in Part 2 of this paper. 

Engine Oil Tanks.—Each engine should be supplied with an 
individual oil tank. This tank is best elevated with its base 
at least 5 ft. above the engine fuel pump. This places a pressure 
head on the pump suction that docs much to eliminates air leakage 
into the pump. The tanks are often of two compartments, one 
28 
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of which hol(ln kerosene for starting purposes. The employment 
of kerosene for starting is advisal)le in all plants. It reduces the 
liability of the engine refusing to fire and eliminates the tarry 
deposits that fre(]uently occur when the heavy fuel oil is injected 
into a cold engine. The kero.sone .should he fed for 10 or 15 
minutes on starting and for 4 or 5 minutes before stopping. At 
the latter time,the kerosene cuts the carbon deposits and prevents 
freezing of the piston rings. 



Flu. 292.—Fuel-oil punip.-s of a 3,000 hp. plant. 


The tank, in every instance, ought to have a level indicator 
fitted to it. A simple indicator can be made out of a galvanized 
float, two pulleys and a light-weighted pointer. 'I’he oil can 
be pumped into this tank from the storage tank by eithi'r a hand 
or motor-driven pump. Figure 292 illustrates a typical fuel 
pumping installation for a 3,000-hp. Diesel plant. For a plant of 
less than 300 hp. the quantity of oil handled docs not justify the 
expense of a motor-driven pump; a hand rotary pump proves 
quite suitable and is low in cost. 

Oil Storage Tanks.— The capacity of the plant together with 
its location largely determines the type of oil storage tank. If 
the plant con.sumcs less than 12,000 gal. per year, two steel 
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tanks of 6,(K)0 gal. each art- prol)al)ly tlio most advisable size to 
install. The employment of two tanks provides means whereby 
a damaged tank can be repaired without a plant slmt-down. It 




Site 


Capacity 


Heada 


Shell 


lUvetcd with 


Weight 


8' X 16' 6,000 Gal*. 

8' X 2r-3H" 

8' X 10,000 Gal*. 

8' X 32' 12.000 Gal* 

10'-6" X 23'-6" 15,000 Gal* 

lO'-O" X 31' 20,000 Gal*. 

8' X 16' 6,000 Gal*. 

8' X 21'-3H" 8,000 Gal*. 

8' X 26'-8" 10,000 GaU. 

8' X 32' 12,000 Gal*. 

10'-6" X 23''0" 15,000 Gals. 

10'-6" X 31' 20,000 Gala. 



W' Rivet* 
>5" Rtvetrt 
Rivet* 
>ii" Rivet* 
>i" Rivets 
Uivcla 

H" Rivet* 
>4" Rivet* 
>4" Rivet* 
H" Rivet* 
Rivet* 
Rivet* 


5,000 Ihff. 
6,1(K) lb*. 
7,200 11)8. 
8 400 11)8. 
O.OOO lbs 
11,000 U>8. 

6,100 lb*. 
7,600 lb*. 
0,100 lb*. 
10.600 Iba. 
11.000 lbs 
14,000 lb». 


A 2" Duplex (hi Tank Vacuum Valveshoiihl be furnislu'd with each tank. 


Fi(j. 29‘1.—Steel oil .stortige tank. 


allows a thorough cleaning .of the tank after each emptying. 
Figure 293 covers the steel tanks that are of commercial sizes. 

If steel tanks are installed, they should be set in a pit and 
covered to eliminate any fire risk. Figure 294 illustrates a 
convenient method of placing the tanks. Concrete saddles 
are placed in the pit; the tanks rest on these saddles. The 
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earth is filled in and a 2- to 4-in. layer of concrete is formed 
around the tank, completely cnca.sing it. This concrete layer 
prevents any corrosion of the .steel plate by excluding all air and 
moisture. 

Where the ground is inclined to be marshy or water-logged 
at periods of wet weather, an empty steel tank has sufficient 
buoyancy to float on this water and, rising up above the ground, 
will br(>ak the pipe connevdions. To avoid this dangei’, in 
ground of this character, a heavy concrete .slab can be run about 
the upper half of the tank or concrete beams laid across the top 



of the tanks and tied to the saddles with long rods. The weight 
of the concrete then overcomes the buoyancy of the tank. 

Concrete Storage Tanks.— From every viewpoint the concrete 
storage tank is the most advisable to install. It is cheaper than 
a steel tank of a corresponding capacity and has an indefinite 
life with no danger of leakage if the concrete is well reinforced. 

Figure 295 sketches a circular concrete tank that can be made 
of any desired capacity. The bottom must be well reinforced 
with steel rods or hog wire fencing. The vertical walls should 
have to 'ji-in. iron rods every 8 to 12 in. To form the top, 
concrete beams can be placed on the vertical walls and covered 
with concrete slabs; these should be reinforced with wire fencing. 

Coal Tar Oils. —(foal tar, as a Diesel fuel, has received no 
attention in the United States. This is due to the low price of 
the petroleum products. While it will be years before the 
American Diesel operator will be confronted with the problem of 
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coal tar fuel, this fuel has its future possihilities. There 
are several Auiencan Diesel engines operating on Mexican crude 
ha can be easily adapted to tar oils, providing a fairly constant 
load IS earned. I ndersueh conditions the atomizer will nebulize 




I'lii. Zil.l- .('iincrote oil storiiKo funk. 


the tar oil sufficiently for ignition with the employment of a 
primary ignition oil. 

Methods of Burning Tar Oils.—A number of methods have 
been devised to burn the tar oil successfully. The following list 
comprises those that have given fairly satisfactory results. 
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1. Mixture of tar oil and petroleum oil. 

2. Tur oil for full load and petroleum lor lij'lit loads. 

3. Ituising thermal range of the engine cycle. 

4. Increasing the compression. 

5. Application of a light oil for primary ignition. 

0. (latalytical action. 

1. Mixture of Tar Oil and Pclrolcuin Oil. —Among the first plans 
advocated was it mixture, of tar oil and a lighter petroleum 
oil. Various experiments have been made with a varying pro¬ 
portion of coal tar. With a constant load the coal tar percentage 
can be as high as 75 per cent without affecting the functioning of 
the engine. The problem that so far has not been solved is the 
thorough nuxing of the two oils. If a mechanical agitator is 
placed in the engine fuel tank, a separation of the oils will occur 
in their passage to the find valve. The consequence is an irregu¬ 
larity in the ignition of th(! charges. This met hod can hardly be 
termed successful at the present time. 

2. Tar Oil for Full Load and Petroleum Oil for Lujhl Loads .— 
There is no condition existing within the engine cylinder that 
would prevent this method from being succe.ssful. However, 
the design of the fuel injection system presents many mechaiucal 
difficulties. The injection valve as well as the fuel pump must 
bo under governor control. 

3. liaising Thermal Range of the Engine Cycle. —'Phis method 
includes the raising of the temperature of the injection air, the 
fuel charge and the cylinder air charge; in fact, it contemplates 
the increase of the temperature of the entire working parts. 
Starting with a higher temperature of the cylinder charge of air, 
the combustion of the injected fuel takes place at an increased 
temperature. This insures a positive ignition of the tar oil. 
The thermal efficiency of the engine depends on the tcnqx'raturc 
range ti — <». Although the actual temperatures ti and ti are 
higher than usual, the range L — U is identical with the normal 
Diesel temperature range. Consequently the efficiency would 
not be changed. The objection lies in the increased stresses 
occurring in the engine, and the method has never met with 
commcrical success. 

4. Increasing the Compression. —The plan of increasing the 
compression has received considerable attention but is not com¬ 
mercially attractive. The Dio.sel engine under present designs 
works with as great a pressure as is advisable. The increase 
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of comprossion pn's.siirc would auKuiont tho opcniting difficultios 
and is dangorous. iMiithonnoio, many tests of ongincs witli 
varying compressions appear to hear out the belief of i)ractieal 
engineers that a compression of 500 to 550 lb. per square inch 
gives the engine the greatest possible eliiciency and is lus high as 
is practical. The injection-air pressure would necessarily be 
increased a corresponding amount, thus increasing the engine 
losses. In thc'se tests reh'rred lo, the engine smoked badly at 
loads below half raling. 

5. A]>ph'c(ilioii of a Lujht Oil for Priinorij Ignition. —'I'his plan 
is the oidy one offered that po.sse.ss('s merit and has been employed 
to a large extent in (iermany and in a few Knglish installations. 
'I'hc fuel-injection v.alvc, which, in most cas(‘s, is of the open 
type, is e(iuipped with two oil lines. All of the, tar-oil valves are 
de.signed to allow the light ignition oil to bo blown into the 
cylinder ahead of the tar-oil charge. Being lighter, this primary 
charge iniim'diatcly ignites and sup|)lies l,h(‘ additional heat 
required to ignite the heavy tar oil. 'J'he time interval for this 
action is short ev(m in a .slow-speed engine, (lonsisjuently, it 
cannot be expected that an (uigine abov(‘ 2t)l) r.p.m. will sucftes.s- 
fully handle tar oils even under this system. The find valve 
becomes foul in a short time. A thorough cleaning is nece.ssary 
at least once a week. The tar coats the piston and combust,ion- 
chandrer walls with a thick hard scale that requires constant 
attention. 

0. Catalytical Action .—No commercial engine has been 
operatetl under this method of tar-oil ignition. A catalytic agent 
is required that will produce combustion even when the tar is in 
fairly largo particles. The co.st of the agent and its life ar(! 
matters of importance. It is highly improbable that it will 
ever be commercially succes.sful. 

Use of Vegetable Oils.— In the I’nited States by reason of the 
supply of p(!troleum there is little interest .shown in the irse of 
v<'getable oil. However, in the Tropics fuel oil is high in price 
while native stocks of vegetables oils are frequently chea]). h'or 
this reason the adaptability of oil engines for using these oils is 
of importance. The accompanying table gives the results 
obtained by M. Mathot on Euroirean engines of the semi-Diesel 
type using palm oil. The increa.sed fuel consumption when 
using the vegetable oil is not great in case of any of the engines. 
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Taule XXXI.— Tests with Vehetahee Oils 




1 





Oil ooiiBUinption per 



‘ 





B lip -Iir 

III pounds 


Miikc and typo (boro'ftnd 
Mtrokf), in 

Dale 1 
of I 
tOHt 

H hp 

it p III 

Mop, 
lb per 
s<) in 



Cot- 

Mm- 



1 




Palm 

ton 

oral 



! 








, lioavy 



1920 










1 . 

Gnrdiior, PatrifTof), two-oylo 












vorlK'iil (Kl^ X 

Juno 

ir. 

25 

359 

41 0 

0 

71 

0 

71 

0 59 




( 22 

0 





0 

57 

0 52 

2 

Gardner, foiir-oyolo (0)j X 17) 

June 

2 .', 

0 

22 s 32 

82 0 



0 

59 





I12 

0 





0 

95 

0 90 

3 

Kroirilioiit, Aiiirtlordaiii, Iwr)- 

Oot 

133 

5 

335 

37 0 

0 

91 





cyolr (ll‘5i'fl X 12 ) 4 ) 


1 33 

7 

333 

38 4 



0 

91 





23 

5 

409 

41 0 





0 57 




27 

3 

411 






0 94 


Ansnldo, Turin, iwo-oycle 

1921 

21 

1 

423 


0 

99 





(9« X lOJii) 

i-’ob 

24 

0 



0 

72 







22 

8 

412 




0 

09 





23 

7 

413 




0 

75 


f) 

Anglo-Beldian, Biilgium, two- 

1921 

25 

0 

384 

33 0 





0 54 


cycle (10>i X ll'Kc) 

Miiroli 

25 




0 

(i9 










Cil.VPTKI! XIX 


LUBRICATION 

LUBIilCATION SV.STKMS. Ll/'IilllCATIO.N Sl’KClKICA'riON'S. 

Ol’HHATI.Vd DiKKICI'I.'IIKS 

General.—The piol)l('iii of luhricutioii is otn' of the most 
importiuit that confroiits (lie Dii'srl cnj^iiK'i'r. Some inilividiml 
engiiK's have acliii'vod a sorry ropiifalion due (o poor lohricalioii 
facilities or to mediocre {trades of lidjriealiiin oils. 'J’lje eiijtiiieer 
does well to insist on a ln(th ipialily of oil, and he slionld see that 
the oiliiift devices function properly. If the hd)ricalion method 
is incorrect, a proper device should ho inslalled. 



Flit. • ('yliiuli'r liihriGiifion chufk viilvc. 


Cylinder Lubrication Systems.—1'hc most popular cylinder 
lubrication system is the force-feed design where one or more 
positive-driven mechanical oil pumps force the lubricant to all 
moving parts with the exception (jf tin? crank bearings. These 
parts are generally oiled by gravity stream lubrication. A 
design of cylinder oiling that is condng into use employs a spray 
check valve (piite .sindlar to the fuel injection nozzle of a low- 
pressure engine. This valve, h’ig. 290, pa.sses through the 
cylinder jacket and cylinder wall. The mechanical oil pump is 
timed to cause the lubricating oil to be injected through this 
nozzle when the piston is at outer, or crank, dead-center, the oil 
entering below the top ring. The oil sprays on to the piston, 
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covcrinK a considerable area even though the clearance Ijetwcen 
the piston and cylinder walls is small. The piston, as it moves 
upward, swabs this oil over the cylinder walls. This principle of 



cylinder lubrication is most satisfactory in operation. The oil is 
deposited when the cylinder temperature is fairly low; con¬ 
sequently a decided lubricating effect will be e.xperienced before 
the flame of combustion burns the lubricating oil. 
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Even when such an injeelion deviee is not employed, (he oil 
is always forced into the cylinder hy a mechanical oil pump. 
Although several makes of oil jnimps are in use, the majority 
of domestic Diesels are equipped with the mechanical oil pump 
shown in Fig. 207, where the course of the oil is indicated by 
arrows. 

An engineer should bear in mind that the mechanical oil 
ptimp is subjected to stoppage, of one or more oil lines due to 
the presence of bits of waste, ('onsecpiently, as much attention 
must be given to (he pumj) as to other parts of (he engine. 

It is of the greatest importance that, having instalhal a iiK'elian- 
ical lubricator, the operator should be certain that the lubrieat<ir 
employed is capable of delivering the oil at the proper time anil in 
the correct amount for long periods of time and over a wide range 
of load variation and temperatures. It is also e.s.sential that the 
lubricator should be capable of a wide range of adjustment enab¬ 
ling the feeds to be cut down to a very low point without stopping 
the flow. There are many designs of mechanical lubricators 
which, although veiy compact, leave much to be de.sired with 
regard to accessibility of the various parts. 

Some form.s of sight feeds show oil that is not going to thi! 
engine, whereas what i.s wanted is to see the actual oil and the 
amount (hat i.s actually being fed. It i.s advisable also to have 
the oil How timed and to know the moment at which the oil i.s 
being fed in relation to the position of the piston or other moving 
[lart to be lubricated at that moment. 

The best type of machine i.s undoubtedly a pum|) which depends 
entirely for the amount of oil discharged on the displacement of 
the ram, (he pump chamber being always completely Hooded. 
The action of the lubricator is, with design, independent of the 
viscosity of the oil and of the head level of the oil in the tank, and 
being independent of viscosity, it i.s also independent of change.s 
in temperature within wide limits. An efficient .strainer .should 
always be; supplied regardless of the type of lubricator. 

Cylinder Lubrication.—(’onsidering first the lubrication of the 
power cylinder, the lubricating oil must do two things—lubricate 
the cylinder walls, piston and piston rings, and assist the piston 
rings to form a seal. As the greater proportion of power-plant 
engines operate on the four-stroke cycle, let us first investigate 
what happens to (he oil on each of these four strokes. 
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On the charging stroke the cylinder walls, as far as the piston 
travels, have been covered with a film of oil from the previous 
stroke, which, together with the oil on the piston and between the 
rings, acts as a lubricant for the piston and rings. The oil in 
the clearance space between the rings assists them in forming a 
seal to prevent leakage of air or vapor from the crankcase into 
the cylinder, d’he air and va|)or drawn into the cylinder is 
comparatively cool, and if the fuel is completely vaporized, there 
will be no detrimental effect on the film. 

The film of oil left on the cylinder walls during the suction 
stroke, tog(dherwith the ne.wfilm picked up bythe piston from the 
cylinder walls, lubricates the piston on the compression stroke, 
atid as the piston moves toward the cylinder head it smears a 
fresh film of oil on the walls. The supply of oil collecting on the 
advancing side of the piston rings and around the iippr'r edge 
of the piston serves to prevent leakage of the gases being com- 
pres.sed. The degrer^ of compression will depend, therefore, 
somewhat upon the seal-forndng properti('.s of the oil and on the 
condition of the cylinder, piston and rings. 

During the compression stroke tlu; tem|)eratur(' of the gases 
gradually increases, but does not rise high enough to do any 
damage to the oil film until near the end of the stroke, when 
most of the oil film is covered by the piston. 

The film of oil placed on the cylinder walls by the piston on the 
compression stroke lubricates the piston on the working stroke. 
As the piston moves toward the crank, exposing the walls to the 
high temperature of the burning ga.ses, the flame comes in contact 
with the oil film, but only after it has served its purpose of lubri¬ 
cating the piston on f lu' in-stroke. The greater part of the 
damage to the oil film occurs on this stroke. The oil between the 
rings and between the piston and cylinder walls is subjected to 
the pressure of the burning gases and must assist the piston rings 
in preventing loss of power through leakage of the gases out of the 
open end of the cylinder. 

If there is any troubh; with lubrication, it will be encountered 
on the exhaust stroke, as the oil film on the cylinder walls has 
just been exposed to the high temperatures of the burning gases 
and has been more or less damaged. However, if t.he oil possesses 
the proper characteristics and has been applied in sufficient 
amount, some lubricating value remains, which, together with 
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the oil film on the piston itself, liihricate.s the piston for this 
stroke. 

Although it is a fliffieull matter to make ai'eiirate determina¬ 
tions of the aetual temperatmes within the evlinders, estimates 
made by various authorities are elose enough for our purpose. 
The ma.vimum temperature ohtaim'd immediately after firing is 
about 2,7IK) deg. F. and the minimum temperature during suetion 
.stroke, 2.51) deg. F. The average t('rnpi'r.ature for eomplete 
eyele is 9,50 d(‘g. F. It should be remend)ered that thesi' are 
temperatures of tlu' gases ami not the temperatures of the eylin- 
der walls or of the oil film. 

The inner surface of the eyiinder wall probably ranges from 
.30 to 00 d(‘g, F. hotter than the cooling water, depending on the' 
thiekne.ss of the metal and the efficiency of the cooling system. 
As long as the water is not boiling, the cylinder-wall temperatures 
will hardly be more than 200 to 270 d('g. F., and with a normal 
cooling-w.ater temperature of 111) to 120 deg. F., at which many 
power-plant engines operate, the eyiimh'r-wall temperature is 
below 175 deg. F, The od film it.self is holler than this, at least 
on that side of the film exposed to the burning gases. 'I’he 
ma.ximum tenpx'ral.ire of 2,700 ileg. F. occurs only when the 
piston moves toward the crank, \meovering the oil film and 
exposing it to the flame until near the end of the stroke, 'I'he 
inner surface of the oil film in contact with the cylinder wall at 
the comparatively low tem])eral lire of 175 to 200 deg. F. is affei^cd 
very little by the high temperatures, but the outer surface of the 
oil film directly exposeil to the llame is undoubtedly damaged. 

As it is impossible to produce a petroleum lubricating oil of 
any kind having a flash point over 700 deg. F., it wouhl seem that 
the oil film exposed to an average l('mperaturc of 9.50 deg. F. 
would be de.stroyed promptly. That such is not the case th(‘ 
engineer can readily tu'ova^ to himself by pouring a few drops of 
nil on a red-hot plate. It will b(‘ .several seconds before the oil 
is completely evapoi’at(‘d. If the engine is rumdng 200 r.p.m., 
the oil film will be replaeeil three times a second. ,So it is a 
comparatively simple matter to maintain the oil film if oils of 
suitable characteristics arc used. 

Influence of Completeness and Rapidity of Combustion.— 
The completeness of condmstion has a groat influence on the 
kind of lubricant to be use<i and its life. If combustion is 
completed very soon after the fuel-spray valve clo.sc.s, maximum 
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temperatures arc obtained when the piston covers the working 
surfaces of the cylind(w, thus protecting the lubricating film from 
destruction. If the fuel is not completely vaporized and inti¬ 
mately mixed with air in the right proportions, it burns slowly, 
and as the piston uncovers the oil film, the burning fuel destroys 
it. An excessively lean mixture, such as exists on low loads by 
reason of the small amount of fuel injected into the cylinder will 
allow, by reason of the large excess of air, the oil film to be 
completely burned up or at least so badly coked as to form 
carbon deposits, d’he bad effects of slow burning can be over¬ 
come sometimes by using a heavy-bodied oil. 

Piston Seal.—When there is a film of oil on the cylinder, if it 
‘is of the right thickness and the oil possesses the proper charac¬ 
teristics, the friction of a tight-fitting ring can bo lessened and 
the seal of the loose-fitting ring improved. Taking as an example, 
the vertical cylinder of a four-stroke-cycle engine, as the piston 
moves downward on the suction stroke, the lower edge of the 
ring scrapes a portion of the oil off the cylinder wall, forming a 
considerable body of oil on the advancing side of th<^ ring. This 
oil “wave” reduces the passage of air and oil vapor from the 
crankcase into the cylinder i)a.st the rings, and allows the piston 
to draw in a full charge of air. 

On the compression stroke the oil builds up on the top edge 
of the ring, and so prevents the blowing of the compressed vapor 
past the rings. As the piston is forced down on the working 
stroke, the pressure is c.xertcd upon the oil resting on the top side 
of the ring. If there is only one ring, most of this oil would 
probably be blown out of the piston clearance space by the high- 
prc.ssure gases, but when there are two or more rings, any oil 
blown away from the top ring, packs up against the .second ring 
and tends to prevent the further passage of the gases. 

Another place for leakage is through the clearance space back 
of the rings, between the ring and its groove. If the ring is a 
loo.se fit in the groove particularly with resi)cct to width, the 
va|)or will find its way around the ring and power will be lost. 
The oil is of benefit here too, as it fills this clearance space, 
and its resistance helps to prevent the gas leakage. The value of 
the oil in assisting the rings is particularly noticeable where the 
cylinder is not perfectly round, so that it is impossible for the 
rings to prevent leakage of gases without the assistance of 
the oil. 



WlilllCATIOS 


447 


Effect of Viscosity. —Tlu? phy.sioal |)n)i)('r(ics of tlu' (lil tliiit 
iiifluonco it.s .scal-fomiiiiK value are viscosity, surface tension with 
respect to metal, and colu'sion. 4'hore may also bo some chemi¬ 
cal reaction between certain constituents of some kinds of oiks 
and the metal of the cylinder and the piston which increases its 
adhesion to the metal and prevents the oil from beinn scraped off. 

Other things being e(pial, one might e\j)ect that a high viscosity 
wouki cause the oil to offer a greater resistance to being blown 
out of the ck'arance space and would also permit the aecumula- 
tion of a larger body of oil on the advancing side of the rings than 
could be secured by a lower-viscosity oil. It is found by actual 
experience that the piston seal can be greatly improved in many 
instances by raising the viscosity of the oil; better compression is 
.secured and more power devc'loped by the engine at a lower 
consum])lion of find per horsepower. 'I'his is especially true 
wliere the piston, cylinder and rings have become worn. 

From this statement tlu^ conclusion may be drawn that if a 
high-viscosity oil is good, a higher viscosity would be better. 
This is not true, as it is sometimes found that if the viscosity is 
too high the oil will not work its way between the pi.ston and the 
cylinder fa.st enough, the cylinder becomes dry, and many troubles 
follow the lack of sufficient oil. 

.lust what the viscosity should be depends upon the design of 
the engine. In genenal a viscosity of from !)()() to 700 seconds, 
Saybolt ViscosiiiKder, at 100 deg. F. covers the oils ordinarily 
n.sed. 

Should the viscosity be a little low, theri^ is not likely to be lack 
of hd)rication, but simply loss of power through leakage* and 
troubles from excessive oil in the cylinder and carbon deposil.s 
which gum the pi.ston rings. The oil must be of just thi! right 
viscosity, and since the viseo.sity varies with the temperature, 
it must have the right viscosity at the working temperature of 
the oil film. Some engines run hotter than others and need a 
heavy oil. Others run cool and a viscous oil could not feed fast 
enough to give proper lubrication. 

An oil with a low surface tension with respect to the metals 
of which the cylinder and |)iston arc comiioscd, will adhere more 
tightly to them than an oil with a higher surface tension; in 
other words, its adhesiveness will be greater. A high adhesive 
quality will also prevent the oil from being blown off the cylinder 
wall and out of the clearance space and therefore will improve 
20 
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the piston seal. Unfortunately, it is a difficult matter at present 
to .measure the adhe.sion of oils with respect to different metals, 
and to depend entirely u[)on actual running tests to determine 
the value of the various lubricants. 

Stream Lubrication. —As has been mentioned, an engine having 
a mechanical oiliT for the cylinders, as a rule, employs either 
drop, stream, or pressure lubrication for the hearings. The 
stream system is preferred Ity some builders since a sufficient 
amount of oil is a.ssured at all times. 

The lubrication of the crankpin is usually accomplished, where 
stream lubrication is used, by fitting banjo oil rings to one of the 
throws of each crank. A drilled passage in the crankpin leads 
the oil from the banjo to the crankpin bearing. 

The piston pin, with such a system, is oiled in one of a number 
of ways. Some engines have the piston pin lubricated through 
a groove cut in the side of the piston with a drilled pas.sage leading 
to the pin. Oil from a timed mechanical lubricator is forced 
onto the cylinder wall at the tinu! that this groove registers with 
the oil line nozzle. 

Pressure-feed Lubrication System. —A pr(>ssure-feed system 
for cratikshaft and connecting-rod bearings is employed on the 
Busch-Sulzer Typt; B, and most other Die.sels. This system, 
as used on the Busch-Sulzer, is outlined in Fig. 298, showing the 
drilled cratdeshaft and comu'cting rods, as well as the pump and 
filtering mechanism. The oil is forced by the pump, which is a 
rotary geared to the aii'-eomiiressor crank disk, into the lower half 
of the main bearings as indicated. The oil flows around the 
journal, luliricating the entire surface. The diagonal-drilled 
passages to the crank pins once ('ach revolution register with the 
oil-inlet opening in the lower bearing shell. This allows a stream 
of oil to enter the passage and to flow to the crank-pin box. The 
connecting rod also is drilled, and each revolution this passage 
aligns with the crank end of the diagonal passage, which causes a 
supply of oil to pass up the rod to the wrist-pin bearing. The 
drip from tin- various parts is caught in the crankcase and from 
there flows through the filtei' into the cooler. The pump then 
draws the oil from the cooler to be reused. In order to seal the 
various parts of the system, the oil level in the crankcase should 
be around 3 in. before the engine is started and should always be 
carried at least 1 in. in depth while the engine is running. The 
pump discharge has a pressure gage attached; the pressure should 
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average around 25 lb. The gage presauro is a fair indication 
of the condition of the system. If the pressure shows a decided 
increase, it is prol)al)lc that part of th(! discharge lines are clogged 
with dirt or waste. 

The pre.sence of water in the lubricating oil will cause the 
pressure to ri.se. When' the water is fresh or pure, the oil 
containing it should be ilrawn off and the water settled out by 
heating. In n'gard to sea watiM- gelling into the lubrication 
system, every marine engineer avoids this as he would the plague. 


•» v 
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and it amounts to a state of affairs so serious that it is freipiently 
the cheapest to t.ake no risks, and entirely re|)laee the system 
with new oil. Sometimes annoying leaks occur from the water- 
cooled exhaust valves or cages, and the water finds its way into the 
oil system. Trouble also arises from haikage of water at the 
point where the oil passes to the pistons through the jacket, 
although such cases arc not frecjuent. Wlnwe the pistons also 
are water-cooled a clo.se look-out .should be kept for leakage of 
water, and where tla; pistons are oil-cooled internally, the oil 
selected should be of high (juality. Care should also be exercised 
. 2'J 
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when dismantling the valves, cylinder covers, and when the water 
connections are broken, to ensure that water is excluded from the 
lubrication system. 

Should there bo a considerable fall of pressure, as shown by the 
gauge, frcciuent examinations of the lubricants from the filters 
should be made, and if it is certain the pumps are in order, make 
sure by observation and smell that no fuel oil has found its way 
to the crankcase, or ha.s passed the pistons unburnt. 

Worn bearings will, likewise, cause a drop in pressure due to the 
escape of oil at the bearing ends. 

Where the pistons are water-cooled, at times water mixes with 
the oil in the crankcase. If in any considerable amount, there is 
danger of bearing trouble. A water separator, such as the De 
Laval, will remove any entrained water. It should be connected 
between the crankcase and the oil filter. 

Splash Oiling Systems.—The splash oiling system is almost 
abandoned in Diesel-engine practice. It was, however, the 
method employed on the first American Diesels for lubricating 
the bearings and connecting-rod brasses as well as the piston. 
The American Diesel Co. used a mechanical oil pump for the 
pui'po.se of lubricating the cylinder walls but, in fact, depended 
on the .splash from the crankca.se to meet most of the cylinder 
lubrication demands. 

The groat objection to the splash system is the dilliculty of 
preventing cxco.ssivo oil deposits forming on the cylinder walls; 

Cylinder Lubrication Oil Specifications. -While oils of widely 
varying characteristics give excellent service in many plants, the 
following specifications, if adhered to, will guarantee the procure¬ 
ment of an oil that will give satisfactory results. Practically all 
refineries have a lubricant that will meet these requirements. 

Lubhk'atikc On, .sirEciFirATiON.s 


Deo. F. 

Boiling point - . n(K>-70() 

I'liisli point. ... .‘12.>-500 

Firo point ... 400-600 

Viscosity at 100 dog. F., Snyboldt . 550-800 

Specific gravity, Baiun6 . . 18-24 

Carlion content, per cent 0 05-0 2 

Sulphur None 


If the lubricating oil is to be used on the compressor cylinders, 
the flash point must be above 450 deg. 
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Bearing Lubrication, —Tho viscosity of tlu^ oil used on the 
bearing may vary over a wide range and st ill be satisfactory. The 
oil with the lower viscosity, all other things being equal, will 
cause the bearings to run at a lower temperature but even with a 
high viscosity oil after a time the bearing temperature becomes 
constant. 

Testing Lubricating Oils.—The method to bo followed in 
testing internal-combustion cylinder oils depends agood deal upon 
what sort of information is desired. To compare the relative 
suitability of two oils for a power-plant engine, we must test 
them under identical conditions. 'I’he average operating load 
and speed should bo selected, or if the load is variable, the test 
should be made long enough to average iq) the loads on both 
tests. Although it will not be feasible in some instances to secure 
all the information suggested, the following log recommended by 
W. F. O.sborne of the Texas ('o. gives a list of the data usually 
needed when comparing oils. 

A. Time: 

1. Tone of .starting the lest. 

2. I'nne of each reading. 

d. 'I'ime of ending llio test. 

4. Total nuiniier of lionrs in ojiovation. 

U. On. Co.sM MCTio.v: 

1. (lallonsof oil put into lulirunding svsicin or luliricator al start. 

2. flallons of oil added to sy.stnni or liitiricator during test 

3. ClalIon.s in system or luliricator at end of test. 

4. Calculate gallons consumed jicr tiraki' liorsc|iowcr per lioiir or per 

kilowatt-Iioiir. 

C. Fukl Consumptio.'C 

1. Fuel in tank or reservoir at start of test. 

2. Fuel added during test (use motors for gas). 

3. Fuel in tank or reservoir at end of test. 

4. Calculate pounds of Iniuid fuel or cubic foot of ga.s brake liorscpmvor 

per hour or per kilowatt-hour output. 

D. Load Condition.s: 

1. Revolutions per minute. 

2. Brake horsepower by proiiy brake or dynamometer at kf, ka, ka end 

full load. 

3. Horsepower by indicator diagrams at loads a.s in D-2 and also for 

no load. 

4. Calculate mechanical efTicicncy at various loads and plot curve. 

5. Calculate frictional losses at various loads and plot curve. 

E. Influencinq Opekatino Co.nditions: 

1. Temperature of engine room. 

2. Temperature of circulating water to engine 
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3. Temperature of circulating water from engine. 

4. Gallons of water circulated per hour. 

5. Temperature of oil in crankcase (if crankcase oiling is used). 

6. Temperature of oil to bearings in case of mechanical lubricator, 

7. Temperature of air to cylinder. 

8. Temperature of exhaust gas. 

9. Time of ignition. 

10. Analysis of sam[)leK of exhaust gas to determine efficiency of com¬ 

bustion. 

11. Analysis of samples of fuel to determine constancy of fuel. 

F. Condition of Enoink at End of Test: 

1. Condition of cylinder head, piston, rings and valves, with respect to 

wear, polish and earl>on deposits. 

2. (/Imructer and amount of earl)on di'posits. 

3. Analysis of crankcase oils to show deterioration of lubricant. (Samples 

should be taken at intervals during the actual running of the test.) 

4. Analysis of new oil for all physical and chemical j)roperties. 

If a tost is made to compare the lubricating performance of one 
oil on two or more engines, in addition to the data herein indi¬ 
cated, complete information concerning the mechanical factors 
influencing lubrication should also be secured. Sonu; of these 
items are as follows: 

1. (’ylindcr diameter mid length. 

2. Piston stroke. 

3. Ihston diameter and length. 

4. Area of piston in contact with cylinder wall. 

5. Pi.stoii clearance. If jiiston is tapered, the clearaniT at all points of 
variation should l>e ascertained. 

G. Numlier and type of piston rings. 

7. Width of piston rings. 

8. Piston-ring pressure. 

9. Character of piston metal. 

10. Diameter and length of all bearings—connccting-rod, wristpin and 
mainshaft bearings. 

11. Bearing clearance. 

12. Type of Ijearing metal. 

13. Method of lubrication (full description including lubricators, 0 (l 
grooves, pipes, leads, pumps, filf(‘rH, capacity of system, rate of circula¬ 
tion, etc.). 

14. Method of fuel admission (carburetor, air injection, solid injection). 

15. Method of fuel ignition (spark, hot plate, compression). 

16. Type of cycle (two-stroke, four-stroke). 

17. Method of cooling engine (air, forced-water circulation, siphon, 
oil, etc.). 

Amount of Lubrication— The lubrication consumption varies 
over wide limits in various makes of engines. Table XXXII gives 
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values that follow very closely the amoiiiils necessary on engines 
from 200- to 000-hp. capacity. 


Table XXXIF, —Diesel I.eioin .atios Ueucihements 


Air coniprcssor cyhiuit'r 

DkDI'H I’KR 
MiVt'TK 

a i 

Engine cvIiimIit 

25 ai) 

Wrist pin 

.. 10 15 

(’rank pm 

15 25 

Helical gears 

5 10 

(loverrior 

■1 ■ H 

Exhaust valve stem 

2 5 

Admission 

2 5 


The engine as a whole should use about 1 gal. of oil for each 
3,000 or 4,000 hp.-hr. of engine rating. This means that a 
1,000 hp. engine should run 3 hours on 1 gal. of oil even t hough the 
load is only .'lOO hp. 

Reclaiming Lubricating Oils. - The methods of reclaiming the 
oil from the Diesel lubricating system may be classified as follows; 

Type I. Tanks in which tlie oil is ullowod to settle. 

1'ype II. Reclaimers in which the oil is lieated ivIkivc file iKiilina point 
of water in order to remove the latter; the oil after this is filtered and 
clarified liy settling 

'type III. d'hose systems wdiere the oil is treated tiy chemicals. 

d'ype IV. Centrifugal separators 

The only advantage posse.ssed by Type 1 is that of cheapness, 
for all that is net'ded is a covered tank or even a barrel. How¬ 
ever, the time retiuiretl for the water to separate from the oil and 
for the dirt, grit, and carbon to .settle to the bottom is consider¬ 
able. If the oil is disturbed by the pouring of an additional 
supply of u.sod oil, the separation will be prolonged. Only in 
places where a more modern arrangement cannot be procured 
should this system be used. 

Type II is the system found in many plants. This may be 
obtained from one of the several buildi'rs of oil purifiers or may 
be built locally. In Tig. 299 is shown a filter that has been used 
in many plants. Filtration is obtained by passing through 
terry cloth bags and the water is settled out by being held in the 
receiver for some time. This device, while satisfactory when 
the amount of carbon and dirt in the oil is not large, will not 
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Himinatc the wator and hIikIkc without hoating. Consequently 
an improved design is now offered to oil-engine plants. 



Fic. 200—R-P fiKor for Dio.sol engines. 



Type III covers those systems wherein the oil is placed in a 
tank and after being heated is dosed with a certain amount of 
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chemicals. The chemicals cause the dirt and carlxm to settle at 
the bottom. Tile oil is thim drawn olT to a second tank where 
further heating of the oil dccrea.ses its viscosity enough to allow 
the entrained water to settle out. 

In Fig. 299d is shown the l)e I.a Vergne oil reclaimer using 
Oilite. 

On analysis Oilite oompound gave the following results. 

.Sodium Carbonate (HajCO.i) .SI per cc'iit. 

Sodium Hydroxide (HaOll) S per cent together with traces of 
potassium, nickel chlorine and olln'r minerals. The compound 



is merely a commercial soda ash and as such may be purchased 
at any drug shop. 

Typo IV, the centrifug.al lilter, is nothing more or le.ss th.an a 
cream sejiarator. The dirt and carbon, as well as the water, is 
thrown out of the oil by centrifugal force. The residts are 
absolutely satisfactory and the oil is ri',stored to its original grade. 
If the service is particularly ditlicult the oil may subseiiuently 
be put through a filter (iress or terry cloth filler. 

Oil Coolers. -ITaetically all Diesels have coolers of tbe shell 
and tube type for the purpose of cooling the oil after use. The 
size, etc., are determined by the builder. However in Fig. 300 is 
a chart by S. E. Derby a.s published in Power, showing the 
coefficient of heat transfer in oil coolers. The viscosity of the oil 
is of importance, it will be noticed. Figure 30021 shows the 
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temperature drop with a variation in the oil flow and with several 
water-oil ratios. 

Lubrication of Air Compressor.—The most common cause of 
compressor valve leakage is carbonized lubricating oil. This 
forms a hard crust around the valve and on the seat, and in cases 
where an engine is operating in a dusty atmosphere a large 
percentage of gritty dirt mingles with this carbon. Most of the 
lubricating oils used in air compressors are corrosive under operat¬ 
ing conditions, and it i.s not uncommon to find valves that have 



Fid, 'rompenituro clmnge.s in oil cooler. 

the appearance of having been etched with acid. This corrosion 
usually starts at one edge of the valve face and gradually reduces 
the area of contact between valve and seat, so this action may 
proceed for quite a long time before contact is broken at any one 
point and leakage starts. 

Most air compressors get too much lul)ricant, either through 
too lilicral adjustment of lubricators or by inlialing oil from the 
crankcase. 'I'he first can be corrected after the proper amount 
of oil feed is determined by trial, but the second is not entirely 
within the control of the operator. If the first-stage cylinder is 
next to the crankcase, the vacuum in the cylinder during the 
suction stroke draws some of the oil fog from the crankcase up 
into the cylinder. In three-stage machines it is customary to 
place the second-stage cylinder next to the crankcase so that 
there will always be considerable pressure opposing the entry 
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of oil, but even with this arraiiKenu'nt a surprisingly large amount 
of oil will work up into the cylinder. As further preventives the 
piston next to the crankca.se should be provided with an oil- 
scraper ring near its crankcase end and a splash hood should be 
built around the crank, hugging the connecting rod as closely 
as possible to pr('vent oil being thrown from the crank up into 
the cylinder wh('n near top center. 

A part of the oil in the compressor cylinders will be vaporized 
by the highly heated air and is carried into the intercoolers, 
where it is condensed and can be blown out through the drains. 
The part that does not vaporize is carried through the valves 
and deposited in the air pipes beyond the last stage. If leaky 
valves or failure of cooling water causes the air temperature to 
ivse, it may get high ('nough to ignite the air and oil mixture in 
the pipes and cause a .serious explo.sion. That [lortion of the oil 
that is evaporated and recondeiised in the intercoolers may not 
all pa.ss off through the drains; some of it may stick to tli(! tube.s 
in the cooler, and in time the coating of oil on the tubes will 
seriously reduce the cooling capacity and caus{' a very high 
temperature ri.se in the air. Whenever the engine is shut down 
for an extensive overhaul, the air compressor and all air piping 
and tanks should be steamed out if a steam su|)ply is available, 
or blown out by air. My removing all valv('s the steam may be 
passed through the whole system, and if it is left on for at least 
twenty-four hours a surprising amount of oil can be drained out. 



CHAPTER XX 


AIRLESS-INJECTION OIL ENGINES 

Solid Injection. Oas Injection 

General. —A few years after tlie Diesel engine u.sing high-pres¬ 
sure air as the means of forcing the oil into the cylinders had 
become a demon.strated .success, engineers turned their attention 
to the building of an engine without the air injection. It was 
considered that the air-injection .system was somewhat cumber- 



301. -Ifassclwandcr cngirie. 

some and that the air compressor caused a lai’gc [lercentage of 
the Diesel operating troubles. That high compression was 
iK'cessary both for efficiency and to obtain auto-ignition of the 
fuel was generally conceded. Likewise the highly satisfactory 
atomization and turbulence obtained by the use of an air spray 
compared with the results from direct pump injection of the oil 
made the retention of the air injection desirable. 

The Hasselwander Engine. —As a consequence one of the first 
departures from the true Diesel was Hasselwandcr’s Engine. 
In this machine the combustion chamber of which appears in 
Fig. 301, the air compressor was eliminated. To provide the injec¬ 
tion air the piston was provided with a plug as indicated. When 
the piston approached head dead-center on the compression 
stroke, the plug entered the passage between the cylinder and 
combustion chamber. A certain amount of air was thereby 
trapped in the cylinder space. Since the clearance between the 
t.w 
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piston and cylinder head was very small fiirlher mova'inent of 
the piston raised the pressure of (his trapped air intieli beyond 
that existing in the combustion chamber. This highly com¬ 
pressed air flowed through the small passage to the open-type 
oil-spray chamber where the air picked up the fuel and spray('d 
it into the combustion chamix'r. It will be noticed that here 
there was, at least in theory, an injection without (ho air com¬ 
pressor. Operating difiicnlties such as leakage by the plug, too 
early llow of the air to the spray valve, etc., prevented Ihisengine 
from being an utKiualified sncee.ss. 

Trinkler Oil Engine.- Still another design was the Koerting- 
Trinkler super-compression .system. Insteail of the ping cutting 




too. IfoflinKCr .siipei-fIn;. ao:i. (Icin.'imlt'.s fiifl-iiijis'Uoii 

de\'ie<-. (k'hi;^ti. 

off an air charge, as in the Itasselwander, the engine was fitted 
with a small iiiston actuated by a cam. .'\t the proper time 
for fuel injection the ra|iid travel of the cam movi'd (his piston, 
compressing the air in front of it. 4 his air tlu'ii carriiai the oil 
spray into the cylinder. This device had operating faults that 
prevented its general use. 

Hoflinger Super-compression Engine.- Still another device, 
that of Ilotlinger, is illustrated in Fig. 502. The action of this 
is similar to the Trinkler and needs no explanation. 

Gernandt Injection Device.--tiernandt emiiloyed a device 
quite like Fig. dO.'i but to obtain a timed injection of the oil, ho 
placed a valve H between the air plunger and the fuel cup. In 
this way the oil was injected into the cylinder at a di'fiuitc time, 
this eliminated the exce.ssive preignitions of the other devices. 

All of these designs made u.sc of air injection although the 
compressor as a separate mechanism was absent. Consequently 
these cannot, be termed solid injection nor even .airle.ss-injection 



460 


DIESEL ENGINES 


but were tnodificatioiis of the standard Diesel construction, 
allowing a saving in costs at sonic sacrifice in operating re.sutts. 
The compression pre.ssures were also as high as in the true Diesel. 

Classes of Solid Injection Engines. —In dividing those engines 
capable of using heavy oil with an efficiency almost eipial to 
that of the Diesel it is probable that the most logical method is to 
classify them as gas-injection and solid-injection engines. 

In the second cla.ss should be included all those engines where 
the oil is introduced into the cylinder or combustion chamber by 
direct pump action. 

In the first class will be placi'd lfio.se engines where the fuel 
is introduced into some form of primary compartment whore it 
is partly or wholly gasified and then forced into the cylinder 
by means of the pre.ssure developed by a small part ial combustion 
in this compartment. This type is by far the most numerous, 
although it may, in the case of some engines, be difficult to prove 
the correctness of this classification. 

Gas Injection. Hvid or Brons Principle.— .Several makes of 
“solid-injection” engines use the “cup” form of injection and 
atomization of the fuel. With this device the combustion of the 
atomized fuel is accomplished by means of fhe heat of compre.s- 
sion, exactly as in the true Diesel engine. The sectional view in 
Fig. 304 shows the cup employed on the early Brons engine as 
built in Austria. The Hvid engine in the United States is the 
Brons and takes its name from the American licensee, Hvid. 
Incidentally the basic United States patents have (>xpired and the 
only ones in force are those covering improvements, etc. 

The operation of the cup shown in Fig. 304 is based on the 
fact that every oil, no matter how heavy it may be, contains some 
light hydrocarbons that will vaporize or distil at a fairly low 
temperature. The explosion of these lighter parts of the fuel 
provides the propellant whereby the remainder of the fuel is 
injected into the engine cylinder in a finely atomized condition. 
It is a further matter of common knowledge that the temperature 
of ignition of an oil is dependent upon the degree of atomization. 

In Fig. 304 the cup or primary cylinder A has parts B and C 
that communicate with the o\il-sido air at D and with the fuel 
supply at E. As the piston F starts on its suction stroke, the 
pressure inside the cup A decreases, as the joint between the 
cup and the cylinder casting is not tight. The reduced pressure 
in the cup causes a small charge of air and nil to be <lrawn into 
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the cup. The oil portt/is controlled hy the action ofthegovernor, 
thereby regulating the amount of the fuel charge. At the proper 
point, at the end of the suction stroke, the eiip moves upward 
and closes the fuel and air ports H and (', and at the same time 
covers the communicating port II in the side of the cup. As the 
piston returns on its eompr(‘ssion stroke, the air leaking pa.st 
the joint between the eup and the eyiimh'r raises the pre.ssure 
in the eup to from dot) to 100 lb. per s(pi,are inch. The resulting 


ii'Ti.iT'n 



CfXi55' Section 
of Cuo A 


Fi<; - K.irlj- ftum of fhitl lyniiKiii dexifo. 

temperature is suflieient to vaporize and ignite .some of the 
light hydrocarbons, causing a maximum ignition pressure inside 
the cup of about 700 lb. pei’ sipiare inch. Just before the crank 
reaches dead-center, the eu|) is rotati'd a slight amount, uncover¬ 
ing the port II. The extremely high pre.ssure in the cup immedi¬ 
ately forci's the lu'avy oil charge out through the port II into 
the cylinder space. In passing through the port into the low 
pressure (‘xi.sting in the cylinder, the oil is atomized sufficiently 
to unite with the air charge in the cylinder. It will be observed 
that the character of the oil determines in a great mea.sure the 
time of ignition and the shape of the combustion line on the 
indicator card. If the oil is extremely heavy, with the lightest 
hydrocarbons of fairly low gravity, then the light portion will 



462 


DIESEL ENGINES 


not ignite in the cup until practically dead-center is reached. 
The pressure in the cup, due to this primary combustion, will 
not reach a high value before the port II is opened. The pressure 
difference existing between the cup and the cylinder will not be 
great, and consequently the injection through the port II will 
be slower, and the combustion line on the card will bo practically 
horizontal. 

This ignition device was employed on the St. Mary’s oil engine 
of the vertical ty|)e when first built in this country. 

Modem Hvid Precombustion Cup. —It was found that it was 
irnpossibh; to have a gas-tight fit between the cup and the lugs. 



In consequence the oil was sprayed out through the ports as 
soon as the primary ignition raised the pressure above the cylinder 
pressure. 

The rotation of the cup was early abandoned and regulation of 
the time of (ho oil injection info the cylinder was obtained by the 
use of hoK's of the propc'r size and (he correct compression 
pressure. 

St. Mary’s Oil Engine.— The horizontal St. Mary’s engine, 
Fig. 305, makes use of the Brous cup of the stationary typo. 

Lyons-Atlas Hvid Engine.— Tin? cup used on the Lyons- 
Atlas Hvid engine (now no longer built) is the same type as that 
on the St. Mary’s engine, Fig. 305. A cross-.section of the Lyons- 
Atks (Midwest Engine Co.) cylinder is shown in Fig. 306. 
Here the cup is equipped with a fuel valve which is mechanically 
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oi)erato(l from (ho ciuiisliaf(. In operation a cliaiKi^ is drawn 
into this cup by atmosphorio pressure when (he engine is on the 
suction stroke. Tlie fuel valve controls the timing of (he period 
of fuel admission. To regulate the amount of fuel admitted, 
the needle valve E i.s connected to (he governor. The movement 



I’lc;. 3()<l.—Lyori.s-.Adas iivitJ eiiKint*. 


of the governor, through a suitable linkage not shown in Tig. 300 
rotatc.s the needle-valve stem; this, in turn, alters the area of the 
fuel port or passage C and so controls the amount of oil flowing 
from the overhead tank during the time the fuel valve is o[x,‘n. 
It is to be observed that the fuel charge enters the cup on (he 
suction stroke of the engin(\ It. remains here during the com¬ 
pression stroke until the temperature is sufficient to ignite the 
fuel. 
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Tio. .■i07.-- Mi<lw(*.>l V.D.H. onKitH'. 
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An illiistraUon of the ('iiginc appears in Fig. 307. 

The governor, wliieh is of tlie spring-loaded type, is driven off 
the lay.shaft and eontrols the fnel-needl(> valve E in Fig. 300. 

Lyons-Atlas Vertical V.D.H. Engines. On their vertical 
V.D.H. engine the Lyons-,\tlas Co. eliminated tin' governor- 
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eontrolled needle valv<' and used .a fuel pump for eaeli engine 
eylinder, the fuel pnrnp lieing nnder governor control. 

The vertical engine is illuslr.ated in l''ig. 303. The eylinder.s, 
which are 0-in. bore by 13-in. stroke, are mounted on A-frame.s. 
On one si<le the frames are open, being supported by tension 
rods. The openings an' covere<l by steid oil guards that are 
removable, d’he cylinder const met ion is (piite imiisnai. Faeh 
cylinder is provided with a removable skirt. This skirt can bo 
unbolted, allowing the piston to be swung out to Ihesiile without 
unshipping the connecting rod from the crank. 'I'lie engine is 
no longer built. 

Dodge Hvid Engine.- -'I'he Dodge Manufacturing & Sales Co., 
build a vortical oil engine with the livid ignition device. The 
engine is shown in Fig. 309. 'I'his engine has each cylinder and 
its crankcase cast in one piece, the .several units being bolted 
together to form the engine. 

The engine is built with one size of cylinder, a 12'2 hp., and 
the capacity ranges from 12b_; to 7.5 hp.. Tabic XXXIII. The 
crankshaft is of open-hearth steel forged from a high-carbon steel 
billet, and heat-treated, diameter 3J'2 in., length of end main- 
30 
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bearing 6 in., center bearing length 5 in., crankpin 3}i in. diameter 
by 3% in. in length. The main bearings are babbitted cast iron 
shells fitted into the machined bedplate and can be rolled out 
without removing crankshaft. The crankpin bearings are heavy 
bronze boxes babbitt lined. 


Table XXXIII. —Dodge Oil Engines 


yizo 

Number, 

cylinders 

Net 

weight, 

Jb. 

Domestic 

shipping 

weight, 

lb. 

Boxed f< 

Gross 

weight, 

lb. 

)r export 

Measure* 
ments, 
cu. ft. 

12H b.hp. 

1 

3,000 

3,400 

1 

100 1 

1 6 

25 b.hp. 

2 

4,000 

4,400 

3,900 

90 

37'A b.hp. 

3 

5,100 

5,000 

5,000 

110 

50 b.hp. 

4 

0,200 

0,700 

0,200 

130 

75 b.hp . 

C 

8,400 

9,100 

7,500 

150 

Exhaust silencer . 


500 

000 

10,000 

190 

Fuel service filter tank .. 


35 

35 

700 

20 


The connecting rod is an open-hearth steel forging machined 
all over. The piston-pin end is slotted out of the solid to receive 
an adjustable box of high grade bronze. The two halves of this 
box are adju.sted and held firmly clamped togothi'r by moans of a 
stool wedge in the upper end of the rod. The crankpin box is of 
the marine type and consists of heavy bronze halves, babbitt 
lined. 

The trunk piston is fitted with five concentric rings and one 
oil ring at the bottom. The piston pins are of hollow steel tubing, 
hardened and accurately ground to size. One end has a diameter 
slightly smaller than the pin proper to allow for regrinding after 
wear. Each end is provided with a key to prevent turning in the 
piston bosses. 

The camshaft is located inside of the crankcase. By taking 
off the frame side cover plates, it becomes accessible for its whole 
length, and can be removed as a unit in a few minutes. 

The cylinder head. Fig. 3094, is uniform and symmetrical 
owing to the arrangement of the valves and there is ample room 
for cooling water between the valves and especially around the 
exhaust valves. 

The governor is of the Pickering type and is driven from the 
crankshaft through a helical gear and two short shafts connected 
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by bevel gears. The oil is measured by the governor adjusting 
the cup regulating valve according to the load and speed of engine. 

The cooling-water pump is bolted to the end cover on the 
flywheel end of the engine and is readily acee.ssiblc. It is driven 
by an eccentric off the intermediate shaft running at half engine 



speed. All parts touching water are of bronze. Circulating 
water is lead to the bottom of each cylinder jacket and pa8so.s 
from the top of these through elbows to the cylinderhead. The 
capacity of the pump allows it to carry excess water so as to secure 
ample cooling of the cylinders in hot climates. 

An air compressor is for starting air and is mounted at ope end 
of the frame and is entirely enclosed. It is capable of com¬ 
pressing up to 250 lb. pressure and filling the air-starting tank 
in a few minutes, after which it can be unloaded. 

A mechanically operated force-feed multiple oiler supplies 
all cylinders, main bearings, connecting rods and camshaft 
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bearings. Crankpins arc lubricated from the force-feed lubri¬ 
cator by means of oil rings. The amount fed to each bearing 
may be observed and accurately adjusted, for quantity of oil 
delivered. 

Hercules Hvid Engine.—The Hvid engine is built in small 
powers— i }'2 to 10 hp.“-by the Hercules (las Engine do. This 
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engine is likewise sold by Sears-lloebuck ('o. under the trade 
name of the Tliermoil Engini', Fig. 310. 

Jones Hvid Engine.—Similarly 
the small-powered livid engine is 
sold by the .Jones Oil Engine do. 

Petroleum Engine.—A consid¬ 
erable number of small Hvid engines 
have been exported by the Petro¬ 
leum Engine do. to the South and 
Central Americas. 

F,u. an _ Imii.un.r <i,aKr:,m of Operation of Hvid Engines.— 

Ji\i(l cu}) |>ie.s.suro. ^ ^ ® , 

It has been claimed by certain 
engineers that there is neviu- a jirimary ignition in the cup. These 
men claim that the spray ('fleet is obtained solely by the pressure 
differehee between thcf cup and cylinder after the piston has 
reversed its stroke. The motion of the piston would cause the 
cylinder pre.ssure to drop sharply. However, indicator diagrams 
taken from the cup show pressures as high as 700 lb., indicating 
the existence of the cup ignition, see Fig. 311. 
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Care of Hvid Cup.- -Sinco (ho injection i.s not positively 
controlled, the openings in the en|) innst he altf'red in .size to regu¬ 
late the flow of oil through theni. On a light oil. if the oponing.s 
arc large, the injection will he (aiily, causing preignition. The 
remedy is to peen the holes. The cominession carried, averaging 
450 11)., requires a sturdiness of construction a|)proaching (he 
Diesel. The cup and fuel valve.must Im' maintained in the best 
of shape. The smallest leak will lower the cup compression. 
Since the explosive pressure' approximates (iOO Ih., it is eviilent 
that the valve must he ground often and with the utmost intelli¬ 
gence. As there is no w'ater-cooling of this valvi' and sc'at, it will 
corrode and pit if it does not receive' atte'ntieen. 

It has heen the' ge'iieral experie'iice thatthe're' is no great elitficidt y 
in building and in operating a single-eylineh'r llviel e'ligine. In 
larger powers, where more than one' e'vlinele'r is reejuire'd, many 
have found that the engine he'have's at time's in a most unsatis¬ 
factory manner, either running at an irre'gular spe'cel eir at a 
greatly reelue;ed capacity. 

The engine troid)lc may he traceel te) eeim or two faults. In the' 
first place the size of the pa.s,sage's tlireiugli (he enip large'ly eleter- 
mines the length of the comhustiern |)erioel. If they are ne>l thee 
same in each cup, the rate eif inje'ctiein will met he' the' same' fe)r thee 
two cylinele'i's. 'rhece)mhustie)n will neit he' unifeermanel the' spe'e'el 
may vary. In a single'-e'.vlineie'r e'ngine', if (he' p.'is.sage' is (eiee large', 
the engine he'havieer will ;elleiw’ the' treeuhle' te) he' elete'e'te'el ami 
reme'elieeel by jx'ening the' Imle's tee a smalle'r eliiune'fe'r, eir e'ldargeel 
if the cemdni.stieen i)re)ve's te) he' see de'lace'el as (e) e'ause' the' e'xhaust 
temperature to he exce'.ssive'ly high. In e'ase' eef mulli-e'ylinele'r 
units the treeulele is ne)t se) e'asily ele'te'e'te'el. 

The chief operating troidele' is e'iiuse'el by e^arheuiizatieen of thee 
cup. In the .single-cylineler e'ngine' this i.s ele'tecte'el at omeee by thee 
lo.ss of power. In casee of a twe)- eer thre'e'-e*ylinelei' utiit t he ele'teee- 
tion i.s difficult by re'ason eef a e'e'rteiin charae'te'ristic pees.se'.seseel by 
this type of engine. The engine will ele'veleep an extraorelinary 
power from a given cylineler size'. If t he leeael is heavy, the engine 
will hang on much like a steam engine, giving an increaseed torque 
even through the spe'eel elrojes. If the' cup of e>nc cylinder carbon¬ 
izes, the other cylinde'rs will e'arry the' lerael at re'eluced efficiency 
and with a rapid carbonizing erf the cups of thevse cylinelers. 
One cylinde'f may be put entire'ly emt erf e'e)mmi.ssie)n be'fore the 
engine show.s by its behavior that anything is wrerng. 
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By drilling inspection holes in the exhaust elbow at each 
cylinder, the operator may detect at once, both by the sound and 
by the smoke of the exhaust, if one cylinder begins to lag. As 
soon as this occurs, the engineer should cut off the fuel supply to 
the cylinder in question, casing up on the load if necessary. The 
repeated compressions and re-expansions of the air drawn into 
the cylinder cause carbon in the cup to combine with the oxygen 
and burn. Usually, twenty to twenty-five compressions will 
completely clear the cup and the cylinder may then be put 
back into service. With this arrangement the multi-cylinder 
Hvid engine will function as positively and reliably as any other 
type of oil engine. 

Fuel Consumption. Hvid Engines.—The fuel consumptions 
of the various engines employing the Hvid principle are prac¬ 
tically the same. Table XXXIV covers tests on a three-cylinder 
vertical engine, 9)^-in. boro by lOj.^-in. stroke, and is quite 
representative of this type. 


Table XXXIV.— Test on Oil Knuine E.virLOYiNO Hvid Principle 


TMt No. 

1 1 

1 I 1 

1 1 

" i 

111 

i IV 

1 

Bor* of cylinder, in. 


9H 


M 

Stroke, m. 

mi 

mi 

I0>4 ! 

mi 

Fuel. 

i 

Kerosene 

Mexican 
fuel oil 

Standard Oil 
Co. fuel oil 

Laneing fuel 

Wright per gallon, Iba. 

6 9375 

7 1875 

7.376 

6 9375 

Wright per pint, lb*. 

! 0.8672 

0 8984 

0.922 

0.8672 

Gravity, deg Baumi5. 

42 

33 

29 

SO 

Flaah open flame, deg F. 

160 

200 

106 

210 

Rp.m. 

315 

330 

345 

340 

Pounds pull net. 

191 

191 

191 

191 

Brake*arm circle dreum., ft... 

33 

33 

33 

33 

Torque, Ib.'ft. 

1003 3 

1003 3 

1003 3 

1003 5 

Horeepower. 

60 165 

03 03 

65.895 

64 94 

Fuel, Ibe. per b.h p.-hr. 

0 586 

1 0.500 

0 481 

' 0.466 

Operation of engine. 

Smooth 

Very smooth 

Smooth 

Smooth 

Exhaust. 

Clear 

Trace of 
emoke 

Almost 

clear 

Trace 

Engine troubles.... 

Maximum b.b.p. with slight 

None 

None 1 

None 

i 

None 

emoke. 

60.16 

85.00 

84.15 

86.70 


Steinbecker Precombustion Chamber.—While no attempt has 
been made to take up European designs as a whole, still certain 
later-day American engines are the outgrowth of European 
designs. For this reason, those European inventions that are 
basic or the parent of modern engines will be outlined. A 
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number of years ago a German engineer Stcinbcckcr patented 
the fuel injection design shown in Fig. 312. This, (he reader 
will observe Ls to all intents the Bron.s cup device with the 
mechanically-operated fuel valve eliminated. The design 
embraced the idea of compressing the cylin{ler charge of air to a 
pressure of 450 to 500 lb. Part of this highly heated air wa.s 
forced through a narrow orifice into a precombustion cup or 
chamber in the cylinder head. In passing through this orifice, 
which was highly healed by the previous e.xplosion, the air wa.s 



STBINBECKER PRE- LATER STBrNBECKER 

COMBUSTION GAS COMBUSTION 

INJECTION DEVICE 

Fig, 312. Stoitibpckcr injection action. 


heated, or in all events was not cooled. Just before top dead 
center the fuel was injected through a spray nozzle hy the engine 
pressure feed pump. The nozzle action served to break up the 
fuel into minute drops. In contact with the air in the chamber 
the oil spray was vaporized. .Since the air supply was limited, 
only a small portion of the fuel actually burned. But this 
primary explosion expelled the vaporized fuel out of th(! orifice 
into the cylinder. Hcri' the oil vapor mixed with the air and 
combustion proceeded. Gombustion was in the form of air 
explo.sions and by no means gave constant pressure combustion 
as in the case of the Diesid. In fact, the action was not as good 
as with the Hvid engine. 

From this design may be traced a number of modern precom¬ 
bustion engines, including Steinbeckcr’s later design. 

Western Oil Engine.—One of the first of the precombustion 
engines developed in the United States was the Western, called 
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by its huildors, “The Western Diesel.” This is illustrated in 
Fig. 31.3. The (uigine operat('s on Ihc' four-stroke-cycle principle 
and is excocdiTigly rugged in design. The precombustion 
chamber is located in the cylinder head almost in line with the 
cylinder bore. 'Phe piston comes up close to the cylinder head 
and to direct the oil vapor into the narrow clearance space 



between piston and head, the chamber orifice is euiwed as shown. 

The fuel pump is outlined in Fig. 314 at A, It consists of a 
single plunger driven by a rocker li and cam C, which is mounted 
on the engine-valve camshaft. The governor weights D by 
shifting the rod E limit the suction stroke of the pump plunger 
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and so regulate the amount of fuel injected into the preeonibus- 
tion chamber, 



Kn; ,n } ^'u(•i initiij) (»f W(‘timin' 


y^ATe^ iNLcr 



WAien cxjTLef 


rr<; ■il’i- Vordlifru jtroroinlHi-xtioti cup 


Nordberg Ignition Device.—Another form of ignition cup, 
adopted by the Nordberg Manufacturing Co. for their two- 
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stroke-cycIc airless injection engine (or high-compression, as the 
manufacturers called it) engine, appears in h’ig. 315. This, it will 
be observed, is a development of the idea shown in Fig. 304. 
The fuel oil is injected into the cup A through the atomizing 
nozzle B, by the action of the fuel pump, a few degrees before 
mid-point in the compression stroke. This fuel, as it leaves the 



Flu. 316. - Nordborg preoombustion cup, late dc.'iign. 


injection nozzle, mixes with the air which has been forced 
into the cup by the advancing engine piston. As with the 
devices already discus.sed, part of the oil ignites as soon as it 
enters the hot cup and mingles with the air. The combustion 
of this part of the oil charge creates, within the cup, an extremely 
high pressure, which is much greater than the engine-compression 
pressure. This difference in the two pressures causes the 
remainder of the fuel charge, now in vapor form, to be forced 
out through the ports marked C. 
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In this engine the point of injection of the fuel into the cup 
is about mid-stroke of the piston. Since tlie time necessary to 
vaporize the fuel is subject to variation, with certain oils preigni¬ 
tion may occur. If the oil i.s of light gravity, the high-compres- 
sion pressure carrietl will cau.se it to ignite? very early. This 
primary explo.sion forces the? main charge into the cylinder before 
dead center, causing preignition and bearing pounding. To avoid 
premature combustion, the cup is designed with a water-cooled 
space; this assists in keeping down the temperature of the cup 
and delays combustion. 

Figure 316 is a later design of cup. In this (lie water-cooling 
is discarded. The injection nozzle is provided with a spring- 


a 



Fig. 317. -Power ;vik 1 bCiivenKiiiK (liaKr.-iins, NtudlietK ml cjikiiio. 


loaded check valve and is held in po.sition by a screwed lock 
bushing instead of a locking bar as was used on the former design. 
The bowl of the cup is bolted to the body of the igniter; this 
eliminates the difficulty experienced wilh t he screwed ring collar 
of the previous cup. 

Figure 317 shows an indicator card from this engine. The card 
reveals combustion conditions that are not along the true livid 
plan. It would appear that the primary charge did not explode 
until dead-center and that the piston retreated .some distance 
before the pressure difference caused the injection of the main 
charge and its conscriucnt combustion. Under such injection 
conditions a dull thump would be heard, produced by the burning 
gases striking the receding pi.ston. If the injection had been 
early, as is usual, a sharp sound would have been emitted as the 
primary charge impinged on the advancing piston. 

Fuel Pump.—The Nordberg semi-Diesel engine is equipped 
with a fuel pump .shown in Fig. 318. The pump plunger is driven 
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by an eccentric keyed to the engine sliaft, while the fuel charge is 
regulated by the closnr(' of the hy-pjiss valve' 1' which is under 
governor control. The tixeil eccentric moves the pump plunger 
P on the outward stroke, drawing in a char(re of oil. As the 
plunger reverses and moves inward on the discharge stroke, 
the oil, displaced by the plunger, escapes through the by-pa.ss 
valve, which is lu'ld o|)i'n by the cam F. This cam is rocked 




through an angle by the governor eccentric roil (i. At the proper 
time the cam is moved to its mid-position. I he by-pa.ss valve 
closes, and the oil displaced by the fiirthcrmovcmentofthc pump 
plunger passe.s through the discharge valve // and enters the fuel 
atomizer. 

Nordberg Engine Frame.-—Figure 319 illustrates the engine 
section and plan. The frame is of heavy construction and has 
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two main bearings. Tlic piston is provided with a pi.ston rod and 
cro.ssh(!ad. The front end of tiie cylinder A i,s closed and acts as 
the *ir compressor to furnish the scavenging air charge to the 
power cylinder. The air enters the compressor through the 
piston valve V. 

Leissner Precombustion Cylinder.- Another European engi¬ 
neer, Leissner, brought out a design of precombuslion chamber 
having striking features. I'lie chamber is shown in Fig. 320. 



It was discovered by Steinbecker and other engineers that if 
the oil was injected into the chamber there was difficulty in con¬ 
trolling theprim.ary explosion. It might cau.se excessive pressures 
if the chambc'r happem^d to b(! cleared of burnt gases and held 
only pure air. As a means of regulating the combustion, Lei.ssncr 
inserted a sleeve containing a number of holes into the chamber. 
The idea was that the oil on being injected from above would meet 
with the air coming in from the cylinder below. As a result of 
these opposing streams the oil vapor would flow through the holes 




AIRLKSS-INJECTfOX OIL ESVISES 


479 


into tho cavity outside the tube which was filled with inert nases. 
Combustion could not lake place until the oil vapor swept up 
along the tube and down the ciuiter where it mixed with tli^air. 






It would seem that combustion took place in the tube upon 
injection of the oil, for the tube burns out around tho small open¬ 
ings, and the engine functions as well without as with the tube. 
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Mianus Oil Engine.—The Leissncr engine is built in the United 
States by the Mianus Motor Co., both in Marine and sta¬ 



tionary units. The horsepowers of these units are low, ranging 
from 9 to 30. The fuel combustion is approximately 0.45 lb. 
per 1). hp. 
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Worthington Preeombustion Engine.—The VVoi tliington Pump 
and Machinery ('orp. has huilt Diesel engines since 1912. 
For small powers a precombustion engine, or as the builders call 



Kk; .iJ4 FupI i>uni|) of 



Fig --WDr(}iin«Jon fuel-spriiy nozzle 


it a “solid-injection-Diesel,” was developed at the Cambridge 
works. As originally designed, the engine was provided with a 
tube and ring in the precombustion cup, with the idea of limiting 
31 
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the amount of primary explosion. It was found, however, that 
the tube served no useful purpose save possibly to insure ignition 
with low pressures. The tube was uncooled and after the engine 
was started by using a “punk” stick, the hot tube made the pri¬ 
mary explosion a surety. The uncooled tube proved to be 
subject to destruction. Conseipiently, the tube idea was aban¬ 
doned and as the engine Ls now built the precombastion device is 
nothing more or less than a cavity in the cylinder head. 

The Worthington engine is shown in Figs. 322 and 323. 

The fuel pump is illustrated in Fig. 324, It consists, essenti¬ 
ally of a simple plunger pump provided with suction and discharge 
valves. The engine shaft is fitted with eccentrics, and a roller 
on the eccentric strap strikes its respective pump plunger. The 
plunger has a lever fulcrumed on a cam controlled by the gover¬ 
nor. As the plunger moves upward, the lever strikes the shank 
of the suction valve, thereby lifting the suction valve and so 
pcTinitting the oil to spill back. The amount of oil forced out 
of the discharge valve depends upon the time at which the suction 
valve is lifted. This is controlled by the governor which shifts 
the cam aln>ady noted. 'I'he spray nozzle is sliown in Fig. 32.5, 

Soi.rn Injkctiox On. Fnuinhs 

High-pressure Solid Injection Engine.—Vickers of England, 
before ttu^ late war, brought out a higli-pressure oil engine in 
which the oil was inji'cted by pressure inslea<l of by air. The 
fuel or spray valve was provided with a needle as are all Die.sels, 
and the needle lift was such that the fuel was introduceil at a 
slow rate, giving almost pressure combustion. To meet the 
extremely high pressure requirements, the oil was pumped into 
an accumulator arrangement, and this maintained a constant 
pressure on the oil going to the fuel valve. The accumulator 
was made on the princijile of a bourdon tube, the expansion of 
the flattened sides holding the pressure uniform. 

This had the advantage of simplifying the engine, but it is 
difficult to regulate the needle valve timing. If the fuel injection 
is too early the engine pounds; if late, the exhaust is very smoky. 
Since the engineer tries to avoid early timing, it is by no means 
unusual to find these engines very smoky by reason of the timing 
being set late. 

Taylor Oil Engine.—The plan of having mechanical injection 
with high compression pressures has been adopted by the Taylor 
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Machine Co. m the United States. The Taylor ongine is sliown 
in Fig. 326. The machine is two-cycle with the pistons stepped 
to make the scavenging pumps. It is necessary to have the 
engine built in units of two cylinders or multiples thereof. The 
air is drawn into the scavenging pump ,>1 from the suction mani¬ 


fold, as indicated by the arrows. 
As the piston moves upward, 
this air is comprcs.sed and pas¬ 
ses out through B, through the 
transfer port C into the adjoining 
working cylinder. The burnt 
gases arc exhausted through ]). 

The oil is pumped by a plun¬ 
ger pump into the fuel oil which 
is kept at a constant pressure by 
means of a relief valve. The 
fuel valve opens inwardly when 
the rocker arm strikes the stem. 
The duration of opening is con¬ 
trolled by the governor which 
shifts the eccentrically-turned 
rocker fulcrum. The fuel valv(' 
is unkpie in th.at it is provided 
with a ratchet device whereby 
each time the valve opens it is 
revolved about j/jo of a turn. 
This makes the valve self¬ 
grinding so the buildei-s claim. 

Solid Injection Medium 
C oMPKESsioN Engines 

Self Ignition.—Engineers have 
become accustomed to high- 



compression pressures m the tjc, layior >. 1 ) 1111 - 111 ) 01111)11 

. . r... 1 . , CllglilO. 

Diesel engine. The general state¬ 
ment that 450 to 500 lb. per square inch compression pressure is 
necessary to insure self-ignition of the fuel is accepted without 
question. It is surprising to some to know that solid-injection 
oil engines, using no hot surfaces or other means of fuel ignition, 
are able to create a temperature above the igniting point of fuel 


oil with a pressure of but 300 lb. 
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In both tho air-injoction Diesel and the solid-injection oil 
engine the ignition of oil is brought about by tho high tempera¬ 
ture of the air charge in the working cylinder at the end of the 
compression stroke. The final temperature with different com¬ 
pression pressures and with variou.s initial temperatures is shown 
in Fig. 327. In all the curves the initial or suction pres.surc is 
assumed to lx; 15 lb. absolute, or 0 gage, while the initial tem¬ 
perature T is as shown. If a gas is compressed in a non-conduct- 



J'kj. {^27. -Rolalioii of toni[K‘ra(iir(' lo coinprot'.sion pressure. 


ing cylinder, the process is said to be adiabatic, and it the gas 
is pure air the final temperatures arc found by following the full- 
line curves. The exponent n for adiabatic compression of air is 
approximately 1.41, but in the Dies('l engine there is a consider¬ 
able loss of heat to tho cylinder walls and the final temperature 
is lower than it would be it the value uCn = 1.41 applied. From 
a study of compression and expansion curves it sc'ems that n 
ranged from 1.2 to 1.5, averaging about 1.35. Individual 
cylinders, however, show different values of the exponent. As 
example, one Diesel engine gave the following average values: 

Value of n 

No OF CyMNUBII C’oMr'RKHrtlON KM'ANSIOK 

1 . . . 1,390 1 67 

2 . . 1.371 1 207 

3 . 1 344 1 183 

4 . 1.378 1 244 
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Till! hrokcn-liiic cuivrs in r’i^. 327 give Ihc temperatures wlien 
the exponent ii is taken as 1.35. 

In the air-injection Diesel the [iressure ranges from 480 to 520- 
lb. gage, while in the soliil-injeetion oil engine eonipre.ssion pres¬ 
sures range from 280 to 150 lb. gage, ilepemling upon the engine 
design. Upon examining Uig. 327, it will bo found that, a.s.sum- 
ing an initial or suction temperaturi' of tit) deg. F., a Diesel com¬ 
pression pressure of 480 lb. gage would cause the air at the end 
of the compression stroke to attain a temperature of 815 deg. 
If the solid-injection engine has the same heat loss, so that the 
exponent n is 1.35, a pressure of 3t)t) lb. would give a temperature 
of le.ss than 700 deg. F. 

Compression Pressure Required. The quest ion is how, in the 
solid-injection engine, the temperature of the air charge can be 
high enough at 3t)0 lb. to ignite the fuel, while the Diesel requires 
480 11). com|)n‘ssion to insure ignition. 'I’he exjilanation usiiall.v 
offered is that thi' injection air which blows the oil charge into 
the Diesel cylinder causes a refrigerating effect liy expansion 
from its original pressure of (100 lb. to the cylinder |iressure of 480 
II). In the solid-injection engine no injection air is u.sed since 
the fuel is injected by the direct action of a pump, and, so it is 
claimed, no refrigerating effect occurs. A lower compression 
])re.ssure will then give a teuqK'rature sufficiently high to ignite 
the oil. 

But till' tem|)eraluri‘s at 30(1 and 480 lb. air, with (it) deg. suc¬ 
tion air, are 080 and 815 deg. respectively, a difference of 1.5t( 
deg., if the same exi)onenl of 1.35 be assumed. 'I'lie (piestiou 
naturally arises, will the cooling effect due to the fre<‘ expansion 
through the spray valve cause the entire cylinder charge of air 
to suffer a temperature drop of 200 deg.? With the inject,ion 
air at 200 deg. F. and 1)00 lb. pressure the temperature drop in the 
injection air, assuming no loss of heat, or free expansion, will not 
exceed .50 deg. F. On the basis that the injection-air weight is 8 
per cent of the weight of the air charge, the lowering of the air- 
eharge temireralure would he less than 5 deg. If it is assumed 
that the heat equivalent of the work of forcing the oil, which is 
at a high pressure, into the cylinder, where a lower pre.s.sure 
exists, is lost, then the adiabatic temperature ilrop of the injec¬ 
tion air will not exceed 120 deg., reducing the cylinder-air tem¬ 
perature by .some 10 deg. Obviously, if the temperature drop 
occurs throughout the cylinder-air volume, the cooling will be 
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insignificant. I'iven if injection air and oil spray alone experi¬ 
enced the drop in temperature, its effect on ignition would be 
insignificant, for each particle of oil that by its cooling effect is at, 
say, 100 deg. F., is at once brought into intimate contact with a 
mass of air at 830 deg. F. The air-chargo temperature would not 
drop lower than 780 deg. even if the entire mass of oil were 
injected instantaneously. In the actual operation ignition in a 
Diesel takes place before the entire oil charge enters the cylinder. 



i‘'Di. -'ritne Iuk in nil iffiiitioii. 


This temperature drop is negligible and does not compare 
with the decreased tem])crature resulting from leaky and worn 
I)istons. It is extremely doubtful if this so-called air refrigeration 
has any material effect on the temperature required in the engine. 

The higher temperature required by the air-injection Diesel 
as compared to the solid-injection engine, may be traced to the 
method and time of fuel injection, to the vaporizing of the oil 
after introduction and to the difference in the heat loss during 
compression. 

When a substance such as water or oil changes its state from 
that of a liquid to that of a vapor, a certain amount of heat is 
required to raise the temperature of the liquid to the temperature 
at which it will boil at the existing pressure. The specific heat of 
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oil is about 0.43 B.t.u. por pound jK'r dcgroe of toiiiporatuie rise. 
After the boiling toniperalure is leaclied, before the li(piid will 
vaporize, a certain amount of heat, depending upon the pressure 
and upon the character of the substance, must be added. 'J'his, 
the latent heat of vaporization, is in the ease of oil about 170 
B.t.u. When the oil reaches the boiling temperalim', no further 
rise of temperature occurs until this latent heat has been added, 
whereupon the vapor continues to .absorb heat at a rising tempera¬ 
ture until combustion occurs. The higher the teniperatun! of tlu' 
cylinder air the faster will be the ratio of boiling or vaporization 
and the shorter will be the time interval between fuel injection 
and ignition. In Fig. 328 is a curve showing tin' time lag found 
by ('ommander Ilawkes when using shale oil. Tln'te is every 
reason to assume that this fairly appro.ximivtcs the results to be 
expected from fuel oil. 

Requirements to Insure Ignition.—It appears that tin' oil 
engine’s compression pressure may be lower than that usual in a 
Diesel, but it so, tin' fuel must be introduced sufficiently long 
before dead-center to allow ('Viiporation anil ignition at or closely 
after di'ad-center, and the heat loss to the iron walls must be 
ri'duced. Thi're is a pratical limit to the permissible time given 
the oil to vaporize bi'fore dead-center. If the engine operates 
at 180 r.p.m. or covers 1,080 deg. of the crank circle per second, 
a time interval of 0.02 sec. means 21.0 deg. This is as early ius it is 
advisable to inject the oil. 'I’his being true, the cylindi'r tem- 
pcr.ature to produce ignition with this time interval must be 
780 deg., as .shown in Fig. 328. Turning to Fig. 327 it will be 
noted that with ,300 lb. compression and with a heat loss corres¬ 
ponding to the Diesel loss an engine will give a final tempi'ratvire 
of only 080 deg. This is less than required, and it is evidi'ut that 
fbo rate of heat loss during compression must be reduced in order 
to obtain 780 deg. final temperatme. With an exixment of 
1.41, the same as for air, the temiierature at 300 lb. will bi' clo.se 
to 780 deg. It is obvious, then, that if the .solid-injection is to 
function, not only must the oil be introduced I'arly to perniit 
vaporization, but the compression must be ni'arer adiabatic 
than is the compression of a Diesel, and in addition the oil spray 
must not come into contact with the cool cylinder walls which will 
condense the spray, causing a ini.ssed ignition. 

The compression curve on an indicator diagram from a solid 
injection engine shows that n is about the same as in case of the 
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Dipsol, ranging from 1.25 to 1.37, This would spom to indicate 
that the above contention falls (o th(^ ground. However, the 
mass of air in the engine cylinder is not uniform in temperature. 
Part of it is much higher than that portion along the walls. In 
the Diesel the flat shape of the combustion chamber gives 
maximum cooling surface with minimum volume and the tem¬ 
perature will be fairly imifoitn. It is undoubtedly true that the 
center core of air in the solid-inj('ction engine is of a temperature 
much greater than ih.at of the Diesel. 



Deutz Solid Injection Engine.—In the Dcutz Solid Injection 
Kngiir(', built in the United States by the Otto Engine Uo., 
to limit the cooling loss, the combustion chamber is made as 
compact as possible to give the greatest volume with the least 
surface area. In Fig. 329 the center of the chamber holds a mass 
of highly heated air into which mass the oil spray is injected. 
The oil spray is by no means so thoroughly broken up as in case 
of air atomizing. To obtain mixing of the air .ami oil, the piston 
is provided with a boss which fits fairly closely into the combus¬ 
tion chamber neck. 'I’he result is that a conical ring or stream 
of hot air is forced up into the combustion chambei' just before 
dead center. This completes the mixing and adds the extra 
heat needed to ignite the oil. 

It will be noticed that the piston of the Deutz engine has a 
plug on the piston. Just what the plug does is the subject of 
controversy. It undoubtedly does cause turbulence or agitation 
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of the air charge and this is ('sscniial (o any onsinc. How 
('ssential is turbidoncr was dcnionst ratod Ijy Clork in Ids inv('sti«a- 
tion of the explosive pressure in gas engines. He found that if a 
gas engine was allowed to eonipre.ss a eharge of air and gas a 
few times without the ignitor being eonneeted ui), the pres.sure 
when igidtion was permitted was lower than usual. It was 
elaimed that this startling result 
was due to the mixture losing its 
turbulence or whirling motion. .Vs 
a con.seqiK'uee, when ignition took 
place, the buriung was slower and 
less comph'te. 

The plug is by no means necessary 
to obtain turbulence for the whirl¬ 
ing of the air charge dr.awti in 
during suction continues until com¬ 
bustion tak('s place. 'Plus is proved 
by the results with engines not 
using a plug. 

The plug evidently causes a 

stream of hot air to pa.ss up along 

the cold walls. If any of th(' oil 

.S|)rav travels lieyond the hot core, 

, r • 'M l I'lo .'(.in I’iicc ninilniHlioji 

the stream of hot air will pick up cliiinibor 

this oil. Contact of the oil with 

the cold walls is thereby prevented; experiments have 
demonstrated that the minute an oil spray strikes a cold 
wall it will conden.se and this oil will not burn but will form carbon. 
The exhaust will then be smoky. 

As stated heretofore the Otto hhigine (io. builds a solid injec¬ 
tion engine of this design. 

Price Oil Engine.- It has often been stated a.s a matter of 
reproach that oil engines built in the United States have been 
mere copies or modifications of Ivuropean designs. Ibis stric¬ 
ture, however, cannot be applied to the Price solid-injection 
engine. 

'Phis ('ugimq the invention of the lal<' Win. I. Price, was 
developed in the .shops of the l)e La Vergne Machine Co. while 
Mr. Price was the chief engineer of that company. 

The combustion chamber is ))ictured in Fig. 880. It will be 
noticed that the chamber is of a shape such that the oil issuing 
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fi'oiii the two nozzles in the shape of cones docs not strike the iron 
walls. The section at right angles to the view shown in h’ig. 3.30 
appears in Fig. ,3.31. 'Fhe success of this engine definitely 
proves that the displacer plug is not necessary to obtain success¬ 
ful combustion if the chamber is so shaped that the oil spray 
docs not strike the cold walls. 

By using the two spray nozzles, even if the spray has enough 
velocity to travel beyond ( he hot core of air, contact with the iron 
walls fs prevented by collision with the second spray. However, 
the cooling effect of the walls is greater th.an in case of the Deutz 
design, or the hot air forced into the chamber by the Deutz dis¬ 
placer plug adds heat to the air charge, for the Price engine 
re(|uircs a comi)rcssinn pressure of at least 3.30 lb. to insure igni¬ 
tion upon starting. With a compression of 280 lb. the engine will 
not fire until repeated compressions w.arm up the engine. As a 
means of quick starting an electric coil has been used when the 
compression w.as c.arried at 280 lb. With the (4tto or Deutz device 
compressions of 2,50 to 200 lb. are ample to give ignition with a 
00-deg. suction temperature. 

De La Vergne Type S. I. Engine.—The I’rice combustion 
chamber is used on the S. I. (solid-injection) engine built by the 
De La Vergne Machine Co. 'Phis company holds shop rights 
duo to the engine being developed in its shops. 'The S. I. 
engine is of horizontal design, the units having one, two, three, 
and four cylinders according to the capacity. The maximum 
output per cylinder is 180 hp. 

3'he cylinder is cast with the frame, the liner being pre.ssed in. 
3'hc valve gear is driven by a short shaft in front of the cylinder 
and by a layshaft along the frame. This l.ay.shaft, which carries 
the governor cam, is driven by gears from the crankshaft. 

3'hc governor is of the fly-ball type and controls the amount of 
fuel passing to the spray nozzle by altering the by-pass sotting. 
The fuel pump is of the simple plunger typo, and each pump 
supplies fuel to the pair of nozzles located in the respective 
cylinder. 

Figure 331 shows a cross-siicfiim of a one cylinder unit while 
Fig. 332 is an exterior view of a twin engine. It will be noticed 
that the condnistion chamber is in two parts. This was done 
to reduce foundry losses from shrinkage strains and makes the 
combustion chamber easy to inspect. Replacement cost of 
either part is also lessened by this design. 
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Fig. 332.—L.-i VcrKtie two-cylitulcr eiigjuc- 
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'I'lic l)i‘ l^a Vci'niic Co. al.so hiiilds the S. I. ('n(riiic jn vcrticiil 
iinil.s, iw illiistriitcd in Fif;. iilili. 

Prlce-Rathbum Engine. -Tlio Ingorsoll-liand Co. buikls tho 
Price engine both in horizontal and vertical units. The first 
Inger.soll-Kand (‘ngines were built at the Ralhbiirn (las Engine 
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Plant and were called the Price-Kathbnrn or P-ll engines. 'I’ln' 
combustion chamber is that devadoped by the late Win. T. Price. 
A cross-section of tin' vertical P-l{. engine is .shown in F'ig. 3.34. 

From a study of this illustration it will be noticed that the 
frame is of (he ('uclosed box design. The bearings are adjustable 
- which is a departure from current oil-engine practice. The 
connecting rod has wedge adjustment at both ends, the piston- 
pin (' 11(1 being of the slotted type while the crankend has a strap 
end. 

The valvu's are di'iven by eccentrics on the lay.shaft. The 
valve rocker is unique in that it has a knife-edge fulcrum and the 
rocker leaves contact at the knife-('dge bearing when the eccen¬ 
trics are at the extreme lower part of their travel. .4s a result 
the valves begin to open when the eccentrics are at mid position. 
At this point the eccentric travel is at a maximum; the valve 
and closing are rapid. 

P-R Horizontal Engine. 'I’he P-1! engine is built in horizontal 
units of .lO and 100 hp. 'I’his (h'sign is shown in I'ig. 33.5. The 
cylinder and frame is a one-piece casting with the liner pressed 
into the jacket. 'I'he .suction and exhaust valv('s are driven 
by cams on a camshaft driven by 2 to 1 spur gears from tho 
cranksh.aft. The fuel-pump plunger is likewise driven by this 
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camshaft. The governor by shifting a fulcrum block causes the 
pump plunger to open the by-psiss valve earlier or later as needed. 
This is accorniilished by a lever linked to the plunger and con¬ 
tracting with the by-pass valve stem. 

The pump is set to start injecting the oil at approximately 
f) deg. before dead-center, ending on full load at 0 deg. after dead- 
center. 

Indicator diagrams show that there is an explosion at constant 
volume, raising the pressure to 500 to 550 lb. followed by comlrus- 
tion at a falling pres.surc. 

Operation of Solid-injection Oil Engine.— As has been outlined 
heretofore the solid-injection engine operating with 030 lb. 
compression pressure has with 00 deg. an end-point compression 
temperature just sufficient to ignite the fuel with a time interval 
of 0.02 seconds. As soon a-s the suction air is say 100 deg. F. 
ignition is positive, even with 280 lb. compression. 

It has been found that when the solid-injection engine carries 
a low load for any length of time the engine cools off so that 
ignition is irregular with a compression pressure of less than 330 
lb. Conserpiently, after being in service for soim^ time, so that 
wear causes a loss of compression, the engine behaves irregu¬ 
larly on light loads. To overcome this it is the practice to pro¬ 
vide the air intake with a throttle or damper. By wire drawing 
the suction air through the valve the cylinder pressure on the 
suction stroke is below atmosphere. There is, then, a reaspera- 
tion of part of the hot gases in the exhaust line. This hot gas 
a.ssists in raising the air atmosphere to the igniting point. The 
same results may be obtained, are obtained to some extent, by 
causing the valve timing to overlap. Some of the exhaust gases 
will then be redrawn into the cylinder at all loads. By proper 
design of the exhaust piping so that the ])ressurc waves in the 
exhaust pipe at the exhaust valve reach their maximum value 
before the exhaust valve close.s, part of the ('xhaust gas(‘sflow bac^k 
into the cylinder. 

Excessive Pressure. —While the solid-injection engine is not 
supposed to have a maximum explosive pre.s.sure beyond 500 to 
550 lb., it is by no means uncommon to find the pressure rising 
as high as 700 lb. If the engine is built to withstand this high 
pressure no harm is done. However, such heavy construction 
means excessive manufacturing costs, and many commercial 
engines are not so built. It follows that the operator must take 
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steps to eliminate tlicse excessive pressures. In most instance.s it 
will be found to be due to poor cooling of t he cylinder. This 
raises the temperature of the suction air which in turn cause.s the 
compression-end temperature to be above normal. Ignition then 
proceeds at a more rapirl rate. The operator should see that the 
cooling-water discharge is increased. 

If this does not eliminate the sharp pound, the air suction may 
bo throttled with the idea of so diluting the cylinder charge of air 
with exhaust gases that the combustion will proceed at a slower 
rate. 

Piston and Rings.—As with the Dies<‘l tin; piston and rings 
must bo kept clean. When heavy oil is used there is a brndency 
in the rings to gum fast. This is due to the oil being too viscous 
to atomize prop('rly or is due to (‘xce.ssive lidirieating feed. If 
the former, tlie solution is to preheat the oil. frequently, the 
deposits occur oidy upon starting the engine. As the (nigine is 
cold at such limes, the oil does not burn clean. To overcome this 
it is advisable to start with kerosene and run on this until the 
engine warms up. Before shutting down a few minutes’ run on 
kerosene cleans the nozzles and frees the rings of any deposits. 

Excessive lubrication oil is of frequent occurrence. Too many 
engineers arc afraid to bring the fuel consumption down to that 
recommended by the builder. 

Fuel Consumption.—The fuel cousinnj)tion of the solid-injec¬ 
tion engine is but littk^ higher than that of the Diesel. While 
special engines may do belter, the fuel con.sumption of any given 
series of engines will vary with the coinpre.ssion pressure in about 
the following rate. 


(■OMPIILKHION, 

Fuel Consumption, 

Lb per Sg. Iv 

]>Ii I'KIl IIP. 

250 

0 40 

300 

0 45 

350 

0 44 

400 

0 42 

450 

0 48 


Test on Price Engine.—Based on a series of tests conducted 
at the Do La Vergne Machine Co. plant, before a committee of 
naval officials, on a 19 by 27 engine using the Price injection 
system, the following report was submitted. 

1. Tlie fuel ceonoiny under favorable conditions was 0.395 lb. per brake 
horsepower. 
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2. Fuel (‘corioniios of 0.1211). at full loa<l (!oul(l la* nuiiniainod indefinitely, 
d. The engine could he put in operation from a cold condition to full 
load at full speed in 10 seconds. 

4. Any fuel from Io-^Ick Mexican crude to hglit fuel oil could he used. 

5. At all loa<ls up to 20 per cent overload the exhaust was invisible, 
and up to 00 per cent overloaii the exhaust was tolerahlc. 

0. A 24-lir. lest, running full load 10 minutes then stoppiiiK 5 minutes, 
Iiroved the enj?ine to he .safe against lieal slresses, etc. 



I'lo. Te.st oil It) X -7 Ihao cji«itn‘. 

7 The engino could ho stopped 20 minutes and started again without 
the assistance of the electrical igniter. 

-S. A mean pressure of 87 Ih. per square inch with respect to brake horse¬ 
power, which corresj)oruls to approximately 100 lb. per sipiarc inch mean 
effective pressure, wius attained with clean exiiaust. 

9. I'he mechanical efficiency wlicn ojierating above three-quarters load 
approximated 90 per cent. 

Figure 336 presents the results of tlie lont, showing the mechan¬ 
ical efficiency and the fuel per brake horsepower. The fuel 
consumption compares favorably with the economies obtained 
from Diesels mamifactun^d in the United States. 
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Falk Oil Engine. -In Fig. .3:i(i,l i,. shown tlin 55!) hp. soli.i-in- 
jection oil engine built by the I’nlk (’oip, Thi.s is a four-eyliiuler 
unit with a box frame. The eylinder liners are sid in a box 
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Summary op Engine Tests 

Duration of lest, hours . 3 

Toad of generator, electric hp .. . 2 073 

Efficiency of generator, per cent. 92 5 

Load on flange on low-speed gear, hp.... 2 240 

Total fuel consumption in three hours, lb 2,851 

Fuel consumption per b.hp.-hr., lb 0 424 

Speed of low-speed shaft, r.p.m. 3 

Indicated horsepower, four engines ... 2 695 4 

Mechanical efficiency of engines and gear, per cent 83.1 

.Stahhoaki) Knoisks Pout Kncjinks 

Kohk Akt Four Apt 


Exhaust temperature, (leg. F 609.7 589 4 629 0 571.6 

Cooling water, deg. F . 121,0 120 5 120 3 120.4 

Indicated hp . . 669.00 672 00 674 00 080 40 


Temperature of: 

Cooling water at inlet, deg. F 
Fuel oil in mca.siiring tanks, deg. F 
Lubricating oil at inlet, deg. F. 
Lubricating oil at lank, deg. F 

Pressure of: 

Lubricating oil at pump, lb 
Liiiiricatiiig oil at engines, lb . 


38 5 
88.1 
98.0 
103 0 


15 8 

8 I 


Lubricating Oil Consumption.—Tlie amount of lubricating oil 
usctl by the solid-injection engine (this incluiles the gas-injection 
or precombnstion engine) is not as uniform regardless of tlic make 
as in case of the Diesel. It is by no means imn.sual to find the oil 
varying from 1 gal. per 750 hp.-hr. to 1 gal. per 2,000 hp.- 
hr. This is a very important item for purchasers to consider, 
and tile builder should be called upon for guaranteed figures. 
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INDICATING THE DIESEL ENGINE 

General. —Tlie value of an imlieator in loeatirif; etif;iue faults 
is not utidoi’stood by tlie average Diesel l■n(^iuee|•. For this 
reason the proeess of indiealiuf; tlu' en){in<‘ will be eovered in 
detail. 

If a sheet of cross-seeliou paper were laid oil so that horizonlal 
measureiuents represented to some seale the distanci‘ traveled 
by the piston of an eni'ine from (he beninniun of the stroke, and 
vertical measununents represented to seahDhe iiressure exist inn 



Fk; 337 J)i;iKi:ini .^hDuiny l yliiHlfi [HC'iMnc ;it :il] pouilH in tlif [itsfoii Hlitikc. 

within the eyliiidcr at tin; various points in the stroke, a diagraju 
similar to Fig. 337 would be developed. Here a charges of pure 
air is drawn into the cylinder as the piston moves in its suction 
stroke. Since the pressure is constant wdnie the voluim^ inenunses 
from the clearance volume indicated by tlu^ point V to A (FA 
being equal to the stroke volume, or the piston stroke in feet 
times the piston area in square feet), the line FA would represent 
the volume and pressure conditions. At the end of the suction 
stroke the piston reverses and compresses tlu! charge of air, the 
pressure and volume changes followirig the comirression curve 
AB. 

Just as the piston reaches (he end of the compression stroke, 
the fuel valv(! opens and allows the fuel charge to blow into the 
combustion space. The piston, under the action of the pre.ssure 

4!)!) 
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genfirated by th(! burning oil, is forced out on the working stroke. 
'I’he rate of oil injection is such that the pressure during the 
combustion period remains constant. This is shown by the line 
DC. At C the fuel valve elo.s(‘s and the hot ga.scs in the 
cylinder e.\pand behind the moving piston, giving the e.xpansion 
curve CI'J. At E, the end of the stroke, the exhaust valve opens 
and the gases flow out through the exhaust passage, causing the 
cylinder pressure to drop to that of (he atmosphere, this being 
re|)resented by the line KA. The gas remaining in the cylinder 
i.s forced out by the ))iston on the exhaust stroke, tracing the lino 
AF coinciding with the suction line FA. 

I’he several events on the diagram may be listed as follows: 

Suction Line.—k’n'sh air is diawn into the cylinder by the 
suction of the piston, tilling the spac(' vacated by the retreating 
piston; line FA. 

Compression Line.--d'lu’ reversal of the iriston and its move¬ 
ment toward the cylimh'r head conipre.ss('s the air trapped in the 
cylinder until at the end of the stroke, (he com|)ression ])ressurc 
is around 4S to ,500 lb. gage; line All. 

Combustion. The fuel or spray valve opens, allowing the 
high-pressure injection air to blow the find charge into the 
cylinder. The rate of fuel admission is such that no increase in 
pressure occurs, th(> la'at adiled being suffici(‘nt to keep the 
pressure j)raclic,'dly constant; line Ii(\ 

Expansion.— The fuel valve closes and, (he combustioti being 
complete, the hot ga.scs expand forcing the i)iston to (he end of 
the stroke; line CJi. 

Exhaust.—At or near (he end of the stroke the exhaust valve 
opens, the hot ga.ses flow out of the cyliiuha-; line EA. The 
cylinder pres.sure drops to atmosplu'ric and on the next stroke the 
piston forces the remainder of the gases out of the cylinder; line 
AF. 

If we could have such a diagram, giving the pres.sure in ths 
cylinder at ev('ry ])oint it would show the freedom of the intake, 
the work lost by suction, the e.xtent and perfection of the com- 
pre.ssion, the point at which ignition takes place, the pressure 
realized by combustion or explosion and the rapidity of the pro¬ 
cess, and the manner in wdiich the heated gases expand; also the 
power that the engine is developing, as well as defects in the 
mechanical details of the engine. 
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The Indicator. —.laiiK's Wall, wlio is icjcarilod a.s (ho (iriniiialor 
of the practical steam etiKiae, set al)oiit to coiisinict some con¬ 
trivance to obtain such a iliat'ram (jf tlie cylinder events. The 
result of his labor was thi' W’att sli'am-entjine indicator shown in 
FiR. 33S. Hen' the indicator is attached to the cylinder and the 
diagram board F which slides in thi' fraim' f’ is connected by a 
cord 0 to a rocker arm attached to thi' crosshead; the weight IF 



holds the cord taut. Sinci' the indicator cylinder S, which 
contains a piston 7' and a spring II, is connected to (he steam 
cylinder, the sti'am exerts the same pressure per s(|uare inch on 
the piston T as it exei'ts on the ('iigiiie piston and ovi'rcomes tin' 
spring resistance. Thi' pencd !’ at the end of the indicator 
piston rod then rises and falls with the changes in jjressure within 
the ('iigine cylinder. 

As all know who'have used spring balances, the heavier the 
'weight loaded on the scale pan the greater is the movement of 
the spring, and the scale reading, although marked in pounds, 
actually represents the movement of the spring. 'I'lie motion of 
the piston T is transmitted to the pencil I’. If the engine piston 
is at the end of the stroke and boiler pressure is turned on, the 
pencil will he at the |)oint A. ,\s the piston moves on, the stroke 
the board travels with the ero.sshead and the pencil makes a 
line Ali, where cutoff takes [ilace, wdiereupon the .steam expands 
along BC. The opening of the exhaust valve reduces the pressure 
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oil the piston, and the pencil moves to D. On the return stroke 
the weight holds the cords tight and the line /)A' is made by the 
pencil. At E compression takes place and the line EF is made. 
The atmo.spheric line is made by cutting off the opening to the 
cyliniler and allowing the indicator cylinder to be open to 
the atmosphere, wln'riHipon the iiressiirc on the bottom of the 
indicator piston being that duo to the atmosphere, a straight line 
is obtained at a distance from the zero ju'essure line pro|)ortional 
to the pressure of the atmosphere. 'J'he reader will observe that, 
at any point in the piston stroke the pressure within the engine 
cylinder is the same as that in the indicator cyliiuh'r, and the 
pencil position is proportional to this pressure. The diagram so 
secured is then a repre.sentation to scale of the events in the 
engine cylinder. 

While this indicator, with all its faults of great weight, etc., 
was fairly satisfactory for engines making 30 strokes or h'ss per 
minute, it was of little use when eiigini! speeds were increased, 
since the length of spring and weight of the piston wen- such that 
at the instant steam was admitted to the engine, the inertia of 
the indicator parts tended to c.ause the indicator jiiston to travel 
higher than it should. The Watt indicator was imiiroved and 
developed with the idea of reducing the inertia and errors; the 
first step was to convert the diagram board into a drum. One 
of these early indicat ors, that of McNaught , where the paper was 
[ilaced on a light drum wdiich was rotated by a cord from the 
('iigine erosshead. The indicator did not become a serviceable 
instrument until Charles B. Richards, of Providimce, R. I., 
brought out the Richards indicator. This in.strument wars fitted 
with a strong spring giving a very small travel to the ])iston, 
which eliminated the inertia of the long springs used before. 

Modem Indicators.—Modeim indicators followed in gem'ral 
the design brought out by Richards and until the last few yearn 
were all made with an inside spring, as shown in Rig. 339. Here 
the working barrel A is .surrounded by the housing C, the space 
between the two acting as a gas jacket, with the idea of avoiding 
distortions of the barrel from uneven temperatures. The 
lower end of the barrel is free to accommodate itself to change due 
to varying steam temperatures. 'J'he piston B works inside the 
barrel and is provided with a s]ning, the resistance of which 
causes the piston travel to bo proportionate to the gas pressure 
under the piston. The upper end of the spring is attached to 
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the indicator cap. Tlie piston is pnn'idcd witli n pi.ston rod 
which carries at its upper end I lie swivel head F to which Ls 
attached the ])encil linkatje as shown. 'I'Ik' ilriini, about which 
is wrapped the pajier card, is eanii'cl on an arm projecting from 
the indicator housing. 'I'he cord <! is attached to the engine 
reducing motion, and its pull is opposed by the tmision of the 
drum .spring. This arrangement insuri's the cord being held 
taut at all linu's, and when the eoid on the out stroke of the 



Tk; 339.--Typiffil ftitriiiK iiidifjitor. (Crosby). 

engine rotates the drum, the spring tension brings the drum back 
to its original jiosition on the return-stroke of the engine. 

As long as jiressures and temperatures were not high, the inside 
type of indicator proved to be iierfectly satisfactory. Under 
modern gas- and oil-engine conditions high temperatures altered 
the characteristics of the spring, giving unreliable diagrams. 
'J'he spring was placed on top of the indicator, away from danger 
of excessive temperature changes, ami the majority of instru¬ 
ments manufactured in recent years are of this type, see Fig. 340. 
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Owing to the high prosmims in tho heavy oil engine the steam- 
engine-indicator piston, which has ' ^-sq. in. area, would require 
an extremely heavy indicator spring. It is usual to fit the oil¬ 
engine indicator with a piston of '.(-.sip in. area. In this way 
the 20t)-ll). steam-engine spring may he used and will then allow 



.'jM* (’lONity oiif'itlo tspiiiij? indictifor. 

1 in. of the travel of the pencil when a pressure of 400 lb. per 
square inch is e.xerted in the engine cylinder. 

Hopkinson Optical Indicator. —'I’o permit securing diagrams 
from cngine.s operating at high speed, variou.s optical indicators 
have been dixsigned. The Hopkinson indicator, Fig. 341, has 
been more largely list'd than any other of this class. A barrel A 
contains a piston F which is held by a shackle G to the flat spring 
D. The spring is supported upon two arms by the screws E. 
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A niiiToi' II is pivoted to tlic shoft I, wliicli is vonneclcd by the 
arm M and the stirrup 1. to the sprinir, A sli({lil d('llcction of tho 
spring caiisos the mirror to rotate a sliglit amoiml on its axis. 
If a ray of light is allowed to si like the mirror, the partial rotation 
of the mirror will cause the image of tli(‘ light to movi' in phase 
with the indicator [lislon, hut llii' ratio of travel is large. The 


H 



mirror and spring ar(‘ mounleil on a collar H which is rotated 
by the indicator cord. The two motions of the mirror cause the 
image of light to trace on a plane surface a diagram representing 
the pressure-volume conditions within the engine cylinder. If a 
sensitive plate is used, a photographic diagram results. 

Midgley Indicator.—A recent optical indicator designed for gas- 
engine work, hut (‘((ually suitable for steam-engine te.sting, 
is the Midgley, illiistrateil in Fig. 542. In this instrument the 
indicator proper is fitted with a [lislon and a special spring. The 
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piston rod is linked to a mirror at its top. Light rays from an 
electric bulb are thrown ujwn this mirror, which i.s shifted on a 
horizontal axis by the movement of the indicator piston. The 
rays are then reflected back upon an eight-sided mirror and thence 
upon the ground-glass screen, rising and falling with the change in 
pressure. The eight-sided mirror is driven from the engine in 
phase with the engine piston. This gives a horizontal movement 
to the ray of light. A diagram showing the cylinder events is 



then made on a sensitive plate or is observed by the reflection on 
the ground glass. 

Comparisons of Optical and Standard Indicators.—While 
early indicators often gave distorted diagrams, present-day instru¬ 
ments are apparently as accurate for speeds up to 600 r.p.m. as 
are optical indicators. A number of years ago several tests, as 
reported in Engineerirui, were made on the Hopkinson and pis¬ 
ton indicators. These tests apparently proved that the optical 
device was no more accurate than the standard instrument. 
Beyond a speed of 600 r.p.m. the inertia of the indicator parts 
is such that the diagram secured is by no means accurate, and 
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little (loiK'nclencc should be placed upon the diagrain from a pis¬ 
ton-type indicator. On the other hand, the o|)tieal instrument 
gives fairly reliable diagrams up to 1,000 r.p.m. 

The pressure scale has so large a ratio that the usual oikmgine 
indicator diagram may not be u.sed to measun' the indicated 



!'i<i 343.—Inthcalor rijitcinK for fnink piHlon oriKiuos. 


horsepower of the cngin(; with the same degree of accuracy as in 
case of the steam engine having lower pressures. For computa¬ 
tions where an (irror of 5 per cent is allowaldc, the indicated 
horsepower from the diagram is quite satisfactory. For accurate 
study of cylinder events the optical instrument is the only 
satisfactory solution. 

Indicator Rigs.—The majority of Diesel engines of 700 hp. 
and under have trunk pistons. For this reason the indicator 
riggings usually employed on steam engines may not be used 
on the Dic.scl. Kven the large crosshead-type engine requires 
some special rigging. In Fig. 343 is shown a type of rigging often 
used on trunk pistons. The lever B is fastened to the inner wall 
of the piston by a screwed pin. The rocker A is fulcrumed on 
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a pin C at the Bide of the crankcase door and is fastened to lever 
B by a bolt and knuckle joint. The indicator cord is looped over 
the hooked end D of the rocker yl. There i.s a slight error in the 
diagram resulting from this rigging. If, however, the lever A 
is made of such a length that the knuckle joining yl to B moves 
equal distances on the two sides of the cylinder center line, the 
error is negligible. This rigging is easy to make if the engine 
builder has not supplied .some arrangement. 



With this rigging, when the piston moves upward the indicator- 
drum spring tension is increased. If the cord has a tendency to 
stretch, the diagrams may be distorted towai'd the end of the 
compression stroke and during the combustion period. Errors 
at this point are of serious moment since the most important 
events in the engine cycle take place along this portion of the 
diagram. 

Figure 344 outlines an arrangement that is quite satisfactory 
for crosshead-type engines. By reason of the distance the cross¬ 
head is from the face of the frame, it is seldom possible to link the 
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rocker arm direct to the crosshcad. Usually, a stud of some 
length carrying the lever at the outer end must he screwed into 
the crosshead. 

It will he noticed that the diagrams are accurate if the (|ua<lrant 
over which the cord pa,s.se.s is correctly made. The cord connec¬ 
tion is such that, as the piston moves downward, tin* indicator 
cord isdrawn out against thespiingtension. Ifthecordstn'tches, 
distortions of the diagram will occur toward the imkI of the 



e.vpansion stroke, but this is not as serious as an cipial amount of 
stretching at the other end of the diagram. 

Many of the engines now in use were not fitted with indicator 
rigging and the engineer must, supply the deficiency, bather of 
the two arrangements discu.sscd m.ay he used. Simpler and more 
easily applied devices are oft('n made hy the engineer. In Fig. 
345 appears a d(‘vice that is easily made and gives a correct 
diagram. This consists of an eccentric H clatnped to the engine 
shaft with the eccentric throw .S'/l in line with the engine crank. 
In constructing this motion, the relation of the radius of the 
eccentric li plus the radius of the roller (' (the distance ylU) to the 
engine connecting rod is e((u;il to the rat io of the eccentric throw to 
the engine-crank throw, or 

AC ^ d.S 
Connecting rod~ Crank throw 

Any engineer can make this, using a piece of steel rod for the 
slide and a piece of pipe with a babbitt liner for the guides. The 
eccentric can be made of cast iron, split and drilled forelamp bolts. 
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In an emergency a hardwood eccentric with a brass strip on the 
edge may bo used. 

Instead of an eccentric the end of the (‘iiginc shaft can be 
drilled for a small capscrew. A coniK'cting rod of steel bar of a 
hingth such that the distance from the engine shaft S to the 
capscrew A bears the same ratio to the crank throw that the 
engine connecting rod bears to the rod AC will give a miniature 
connecting rod AC and crank /SA that rciiroducc to a smaller 
scale the action of the engine crank and rod. 

An eccentric may be placed on the engine crankshaft and a 
lever A with a groove placed in the groove and fnicruined to a 



stand B, Fig. 340. If the line connecting the center of the eccen¬ 
tric and shaft coincides with the crank lino, then the travel of 
any point on the rod A will be proportional to the piston motion 
at all points in the crank circle. Hooking the indicator cord to a 
point on the lever such that the cord travel gives the desired 
diagram length, the apparatus is ready for use and the engine 
may be indicated. 

Figure 347 outlines the rig employed by the Worthington Pump 
and Machinery Corp. on the Cambridge two-stroke-cycle 
solid-injection engine. A link pinned to the engine crosshead 
transmits the piston motion to the lover A, which, through 
a short arm B, a vertical rod C, a bell crank D, and a shaft E, pulls 
the indicator drum cord. This in appearance is very neat, but 



ixDicArixa rill!! diksul xxinxa 


511 


after a sliort tiiia? if the parts arc not kept sung, the slight wear 
at tlie joints causes the indicator diagram to he unreliable. 

Indicator Cocks. —The passage through the engine cylinder 
head to the indicator cock is usuidly v('ry small, and if a stop cock 
is placed between cylinderand indicator cock this passage through 
the .stop cock is still smaller. It may happen that these passages 



will become i)artia!ly choked with c.arbonized oil, especially in 
the stop cock. If this proceeds far enough, the pas.sage will 
become constricted enough to reduce tin; gas flow sufficiently to 
give the effect of a lower pressure. As a result tlu! operator may 
be misled as to the existing compression. 

Anyone who has taken diagrams from an oil engine has had 
burned fingers as evidence of the temperature acquired by tlu^ 
whole indicator after a few minutes’ use. Aside from the diffi¬ 
culty of handling a hot indicator consideration must be given to 
the bad effect on the indicator piston and cylinder. If the indi¬ 
cator remains on the engine for any considerable length of time 
and a large number of consecutive diagrams are taken, as in 
testing floor work, the piston will soon become leaky. A very 
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useful device lo prevent this and to eliminate from indicator 
work th(; burned-finder annoyance is a water-cooled stop cock, 
shown in I’is. 348. This can be left permanently attached to the 
engine cylinder, utkI the water-jacketed inlet and outlet may 
be connected at any convenient point in the circulating water 
system by means of small tubing. An indicator may remain 



attached to this cock for an indefinite period and will not get hot 
as long as the'cooling watei' is circulating. 

The Air-cycle Diagram.—In the construction of Fig, 337 the 
assumption is made that nothing l)ut pure air exists in its cylinder 
and that the heat is added to the air, there being no gaseous 
products of combustion. It is further a.ssumed that no heat 
transfer takes place between the air in the cylinder and the cylin¬ 
der walls; that is, both expansion and compression arc adiabatic. 
The exponent in the equation for adiabatic expansion and 
compression PiVA" = P 2 F 2 " is taken a.s 1.408 for air. The 
reader is referred to Chapter XX for a discussion on this 
question. 

Attual Diesel Diagram.—This ideal diagram is never obtained 
from a working engine for several reasons. In the first place the 
cylinder charge of air loses more or less heat to the cylinder walls 
during the compression period. This causes the compression 
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curve to fall below the adiabatic curve for air. In addition, 
during the expansion stroke the hot cyliniler walls give off heat to 
the expanding gases. 'I'he actual expansion line is above the 
theoretical expansion line' on thi^ air cycle diagram, Fig. 337. 
The specific heat of the g.asc's does not remain constant during 
the expansion stroke, and the fuel is not completely burned 
when the fuel valve closes at but continues to burn through a 
con.sider.able imrtion of the expansion stroke. 'I’liis also changes 
the slope of lh(' expansion eui've. 

It is generally assumed that the exponent of the compression 
and expansion eipiation Ft'" = constant is 1.3.1 instead of 1.408 
for air. As a result of the heat loss during compression the final 
clearance volume of the Diesel cylinder must be le.ss than the air- 
cycle clearance to attain the same final pressiux'. If it beiussumed 
that the amo\mt of air charge in Fig. 337 is just sufficient for 



the combastion of a fuel charge that will hold the iiressure con¬ 
stant to C, then tln^ point C in th<! actual engine will fall closer 
to the cl(!arance litie. The diagram of the actual engine will thmi 
be similar to the full-line diagram in Fig. 340, the ideal diagram 
being shown in broken lines. The expansion in the working 
engine is not carried to the enil of the stroke, but release occui'.s at 
E‘, this being when the crank i.s at an angle of 30 to 50 deg. from 
dead center, the piston having comi)leted from 80 to 90 per cent of 
its stroke. The exhaust and suction lines are not shown as the 
departure from the ideal line FA will be but slight. 

In addition it will be found that the diagram taken from the 
working engine will show other departures from the ideal diagram. 
The cylinder pressure during the combustion period BC is never 
constant; the line BC then departs somewhat from the horizontal. 

■ 33 
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It is possible, however, by careful regulation of the injection 
air pressure and the number of atomizer disks in the fuel valve 
to maintain constant pressure for a portion of the combustion 
period as illustrated in Fig. 350. In Fig. 351 is shown a diagram 



where the pressure during combustion show.s an increase. This 
may be traced to the few atomizing disks in the fuel valve 



Fkj. 3.')!.—Diagram showing high iujectioiwiir prossuiv. 


together with a high injection pressure. To correct this condi¬ 
tion the air pressure should have been decreased and one or two 



more atomizer disks added, or a few of the holes through the 
present disks closed. This will increase the resistance to the 
oil flow and so decrease the rate of oil injection. 

Variations in the Combustion Line.—Often, the Diesel diagram 
has a combustion line somewhat as in Fig. 352, the pressures 
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falling during the period of fuel injection and combustion. It 
has been found that the action of the engine is improved, the 



I'k; S'jS. Dianratli -.huWH lata fital iiijettliati. 

efficiency is not affected and then; can be ii wider variation of 
air injection pressure, oil viscosity, tie., wit bout causing I roulde. 



If the fuel injection is late, the shai)c of the combustion line 
becomes similar to Fig. .‘1.58, giving the appearance of ii sharp 


be 



peak to the diagram. If injection is early, the same character 
of peaked diagram is obtained and it is often quite impossible 
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to tell by inspection whether the fuel cam is set to give early or 
late fuel injection. The only way to locate the trouble is to 
cut out the fuel to the cylinder in question and take acompression 
diagram, Fig. 354. This diagram shows the compression and 
re-expansion of the cylinder charge of air. The pre.ssure at the 
top of the cui've is the total compression pressure, ('omparing 
the height of this diagram with that of the diagram taken showing 
the peak, will reveal whether the pressun' at the peak is higher 
than the compre.ssion pressure. If it is higher, then the fuel 
admi.ssion is early. If no increase in pressure is found, the fuel 
injection must have Ireen late to cause the peak. 

Late injection docs not always cause a sloping combustion 
line. At times the diagram appears as shown in Fig. 355 which 
was obtained from a two-stroke-cycle Diesel. The cylinder 
pressure upon the reversal of the piston dropped from b to a by 
reason of the slow rate of combustion at which point the 
incrcasial ignition of the fuel rai.sed the pressure to c, practically 
as high as at b. 

Suction and Exhaust Events.—Sims^ the spring used in the 
indicator is at least heavy enough to require 200 lb. per square 
inch to give a ])eneil travel of 1 in., the suction and exhaust 
lines cannot be studied to any advantage. It is frequently 
desirable to examine these lines to detect any restriction due to 
long pipe lines or to improper valve setting. If a light spring is 
used in the indicator, so that the small variations in the suction 
and exhaust pres.sure.s arc shown, the high pres.surea during 
combustion would cause the light spring to b(‘ jammed, probably 
breaking it. I'o avoid this, a light bras,s tube C may be slipped 
over the piston rod before the spring is screwed on, as shown in 
Fig. 356. The length of the tube, should be about one-half the 
length of the spring. 

In Fig. 356 at A is shown an indicator diagram obtained with 
this arrangement. Here the suction pressure is shown to be 
several pounds below the atmosplu're line, while the exhaust is 
probably less than I lb. above atmosphere. The compression 
line rises until the spring end touches the brass tube, whereupon 
no higher prc.ssurcs arc shown, the pencil making a horizontal 
line to the end of the compression stroke. On the combustion 
and expansion stroke, the pressure conditions are not shown until 
the pressure drops to that indicated by the spring when the brass 
tube stopped the spring compression. At this point the opening 
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of the exhaust valve caused the eylitider pressure to dro|) sharply 
as shown at release. Only in installations where the exhaust 
or suction lines are Ions or where the exhausts of several cylinders 
interfere with one another will the pressures during this part of 
the cycle differ much from atmospheric; a drop of more than 
1 lb. should not be allowed to exist. 



Distorted Diagrams.—It. will be noticed that the combustion 
events are crowded together at one end of the diagram, although 
during this time the crank passes over a considerable |)ercentage 
of its circle, about 40 deg. If this end portion of the diagram 
could be lengthened, it could bo studied with better results. To 
do this, it is customary to connect the indicator rigging so that 
instead of the indicator drum travel being in phase with the engine 
piston, it is out of phase. This means that when the engine 
piston is near the end of the stroke and traveling at its slowest 
rate, the indicator drum is at the center of its travel and traveling 
at its highest speed. To secure an out-of-phase diagram, the 
indicator cord can be attached to another engine piston or cross 
head in place of the piston of the cylinder being indicated. 
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It is not absolutely necessary to so connect the indicator cord. 
Instead, the cord may be pulled by hand, for all that is desired is a 



Fiu. 357.--Inilinitor drum cord pullctl by Imtul. 


picture of the combustion events. After a few trials the engineer 
can easily pull the drum cord rapidly when the piston is firing, 



Fig. 358.—Diiignim shuws normal iiijccUoii. 


even though (he speed be as high as 300 r.p.m. The diagram 
thus obtained, if no fuel is being injected, will bo similar to Fig. 357. 



Fiu. 35D. -I'uol injoction in late. 

In the ordinary diagram there would be a sharp peak at the end of 
compression; with this out-of-phase diagram the top is rounded. 



Fig. 300.—Efifect of early ignition. 

When the engine is firing, the rounded top becomes wider and 
variation on pressure is made apparent. In Fig. 358 the fuel 
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was ignited at B with the piston at dead center and continued to 
C. This is the normal diagram but in Fig. 359 the fuel did not 
ignite until B \.showing late fuel ignition, while in Fig. 3(i0 the fuel 
ignited early at B. These distorted diagrams will reveal com¬ 
bustion defects and may be taken by connecting the indicator to 
the cylinder head without the necessity of shutting down to hook 
up an indicator rigging. 

McEwen Diesel Indicator Diagrams.-Figure 3(il shows 
diagrams from a 14 by 22 McFwen l)ies('l. All show a slight 
drop in the admission line, indicating that tlie re.sistance in the 




nozzle was too great for the injection-air pressure carried. 
Raising the air-blast pressure would tend to bring the admission 
line to a horizontal position. F'or the sake of clearness the 
exhaust and suction strokes arc not indicated. 

Allis-Chalmers Indicator Diagrams.—Figure 362 shows typical 
diagrams from the Allis-Chalmers open-nozzle Diesel. The 
rising slope of the admission or combustion line indicates that 
the fuel, although injection began early, did not ignite readily at 




Fia. 363.—Indicator diagrams. National Transit Diesel. 
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the beginning of injection only the lighter portions ignited. This 
raised the temperature sufficiently to ignite the entire charge. 
The effect was accumulative, producing the rising line. 

National Transit Indicator Diagrams.—Figure dtilf depicts 
diagrams from a 15 '2 by 24 National Transit Die.sel engine at 
180 r.p.m. The notable feature of these diagrams is the hori¬ 
zontal combustion line, produced, evidently, by a hap|)y 
combination of efficient atomization and proper air-blast pressure. 
The (juarter-load card shows a sharp peak at the end of the 
comprc.ssion. Some attribute this to inertia in the indicator. 
It i.s very probable that this peak is a result of the inal)ility of the 
air blast to pick up the fuel at the instant of valve opening. The 
air had to attain a high velocity before the oil was swept into 
the cylinder. The piston, in th(‘ meantin\e, had retreated; the 
combu.stion of the fuel was insufficient to keep the i)ressuro 
constant. 

Standard Fuel Oil Indicator Diagrams.—Figure 3()1 shows 
diagrams for the Standard Find Oil two-strokc-cyclc Diesel 



l‘’it; .‘iO'} Indicjitor tliiinnini'-, Standanl fwo-.strokp-oycle eiiKi‘no. 


engine, and they are typical cards from an engine working under 
this cycle. 

Errors to Avoid in Indicating a Diesel Engine.—Manual 
facility in using an indicator is (piickly acquired by practice, 
but it is often the ca.se that oil-engine indicator diagrams arc not 
correctly interpreted because the operator does not have a full 
appreciation of the many mechanical factors that affect the 
operation of the instrument. 

A prime requisite in an indicator for oil-engine work is heavy 
and rigid con.struction. This applies to both the indicator and 
its attachments, such as stop cocks, (dbows, etc. Such a design 
is neces.sary not only to enable the indicator to withstand the 
ordinary wear and fear in servic(', but also to give the indicator 
assembly rigidity enough to pnwent deflection due to the pull 
of the cord against, the spring. 
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A simple method of testing the indicator for rigidity is to put a 
light wooden stick as a brace between the drum arm and the 
engine cylinder, as shown in Fig. 365, take a card, then remove 
the brace and trace another diagram on the same card. Figure 
366 is a reproduction of two actual diagrams taken in this manner. 



The full-line diagram was traced with the brace in position, and 
the dotted-line diagram was taken with brace removed. This 
shows that the diagram was shortened about in. and the 
combustion line distorted by bending of the drum arm on the 



Fio. 306.—Effect of weak indicator. 


indicator, and illustrates very clearly the necessity for rigid 
construction. 

Stretch of Cord. —Another common cause of error in indicator 
diagrams is the stretch of indicator cord. On this account the use 
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of any kind of cord should be avoided wherever possil)le and the 
connection between indicator and reducing motion should be 
made by means of fine wire or steel ribbon. The majority of 
vertical oil engine.s have a lever-reducing motion so that when the 
piston is at the top of its stroke the cord is pulled out against 
the dnim-spring tension. An example of the effect of a stretch¬ 
ing cord is .shown in Fig. 367. This diagram might be diagno.scd 
as a case of retarded injection, incorrect valv'c setting or slow 
burning, but Fig. 368, which is a diagram taken immediat('ly 
afterward from the same cylinder using a wire in place of the cord. 



shows the trouble (o have been caused l)y stretching of tlii^ cord. 
In this case this conclusion was veritied by pulling the cord by 
hand, and it was found possible to .stretch it about 2 in. 
Study of the diagram will show that at the beginning of the 
compression stroke a normal diagram was traced, but toward 



the end of the compression stroke the drum-spring tension 
became sufficient to start the cord stretching, and the drum then 
remained stationary until the rest of the compre.ssion stroke was 
completed and enough of the working stroke to take up the 
stretch of the cord. 

Indicator Passage.—The pa.s8age through the engine cylinder 
head to the indicator cock is usually very small, and if a stop 
cock is placed between cylinder and indicator cock, the passage 
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through the stop cock is still smaller. It may happen that these 
passages will become partly choked with carbonized oil, especially 
in the stop cock. If this proceeds far enough the passage will 
become constricted enough to reduce the gas flow sufficiently to 
give the effect of a very much “leaner” diagram. P’igure 369 



shows in heavy lines a diagram taken under this condition. This 
diagram is apparently normal, but a kndwlcdgc of the appro.xi- 
mate power the cylinder had been developing at the time the 



Fig 370 -Iiidicalor [listoii loakt*(l. 

diagram was taken indicated that tlu! diagram was too small. 
The diagram shown in dotted lines and stiperimposed 0 !i the first 
one was taken after the stop cock had Ix'cn cleaned out. 



Leaky Indicator Piston. —The effect of slight piston leakage is 
shown in a recent test on a large Diesel engine. .4 diagram, Fig. 
370, was taken with a rather light indicator having a somewhat 
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worn piston, and immcdiatoly afterwards the diagram in Fig. 371 
was taken from the .same cylinder umh'r exactly the same condi¬ 
tions with an exceptionally fine, strongly built instrument. 
When measured, the second diagram gave about 7 lb. more 
mean effective pre.ssure than did the fii'st one. This test was 
repeated several times to pi'ovc that the apiiarent variation in 
mean effective pressure was due to difference in indicators and 
not to irregularities in the fuel pump, and in each case the results 
wore the same. 

Interpretation of Diagram.- In eacli of the foregoing examples 
of diagram error tlie error is due to mechanical faults in the 
indicator mechanism, but in nearly every case a superficial diag¬ 
nosis would ascribe the error to malfunctioning of the engiiu'. 
Interpretation of diagrams in terms of engine performance has 
received con.siderable attention, but the man in the engine room 
is likely to overlook the limitations of the indicator and its operat¬ 
ing mechanism and assume that the diagram is a true picture of 
what is occurring within the cylinder. With a proper under¬ 
standing of th(^ probability of mechanical erixirs in the indicator 
mechanism, a more rational interpretation of the indicator 
diagram is possibhi. 



The engineer should api)reciate the possibilities of the indicator 
as a means of locating faults in the engine, l)ut at the same time 
he should understand that interpretfition of the diagram may not 
be correct. It is a common a.ssumption that if the flow of fuel 
through the spray valve of an air-injection Die.sel is insufficiently 
restricted, it will be blown iTito the cylinder too suddenly, causing 
too rapid combustion and considerabh! rise in pressure above 
compression pressure, and the indicator diagram would bo 
expected to show this sudden pressure ri.se. That this is not 
always true is shown by Fig. 372, which shows a normal indicator 
diagram and Fig. 373 taken from the same cylinder under the 
same conditions except that all the atomizer disks were removed 
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from thn spray valvo. In the latter case the diagram obtained 
might be interpreted to show very slow admission of fuel, due to 
too much resi.riction in the oil flow path or too low spray air 
pressure. As a matter of fact the fiiel is blown into the cylinder 
in an unsuflieiently atomized condition, so that it cannot mix 
thoroughly with the air. As a result combustion is too slow. 



the combu.stion line droops, and the fuel is not completely burned 
until lat(^ in the stroke. 

Figures 374 and 37.') show very clearly the effect lu'oduced in 
the indicator diagram by varying the spray air pre.ssure. (lards 



wore taken at every 50-lb. variation in pressure, but the two 
shown represent the extreme limits, 374 being tak(‘n when the 
air pn'ssure was 850 lb. and 375 when it was 700 lb. It shordd 
be noted that the latter diagram lu’esents .about the same appear¬ 



ance as would be produced by a very much delayed opening of 
the spray valve. This indicates the possibility of a wrong 
diagnosis when a card of this sort is taken. 

It would bo impossible to cover all the various changes that 
will occur in character of diagram with changing conditions in the 
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indicator or in the engine. Variations in find viscosity and 
tcinporatnrc; valv(‘ timing, air pressure, spray-valve adjustment, 
engine speed, conii)ressi()n, eondilinn of (he indiealor, ('tc., all 
affect the shape of (he indicator diagram, but the f<‘\v ('xamples 
cited, which are reproductions of actual cards taken under 
operating conditions, indicate (he sort of study that is re(iuired 
to be able to recognize the difl'erciKa' between the elfects of these 
various influences. 

Study of the Diagram. -The expansion and compre.ssiou lines 
on the indicator diagram will not follow (he adiabatic lines for 
air. This is due to (he fact that the gases in (he cylinder dining 
expansion are not imie air but a mixiuie having a variable spi'cilie 
heat. In addition, there is a loss of heat to the cylindi'r walls 
during thi' early part of (he stroke and an absorption of heat 
from the walls during thi' latter part. These combine to cause 
the expansion curve to follow the law PV'‘ = constant where n 
ranges from 1.25 to 1.10. On the compression stroke (he air 
being comiiressed loses heat to the walls, causing (In' ('xponent n 
to be around 1.25 but in certain engines it may even exceed 1.11. 

Uegardle.ss of wdiat the exponent a for the expansion may be, it 
should be the same during the entire expansion period. If n has 
a lower value, say 1.25, during the early part of the e.X|)an.sion 
followed by a steeper portion of (he curve with n eiiiial to 1..'! to 
1.35, it will be found, in most instances, (hat coiiibiistion was 
not completed during the period of fuel injection and nflcrbnrninfi 
occurred during the expansion. 

Use of Logarithmic Chart. It is <|iii(e impossible to delect a 
change in the curve as sliowm on the indicator diagram, llow- 
(‘ver, if the indicator diagram be transferred to a logarithmic 
paper, aflerhiirning can be detected. 'Phis is due to (he fact 
that on logarithmic paper a curve I’V" = constant becomes a 
straight line, and if n varies then the line is no longer straight but 
is curvi'd. 

To make the transformation, logarithmic paper, I'ig. 37(1, is 
purchased at an architect's supply house. If this is not. possible, 
the logarithmic paper may be drawn by using the logarithmic scale 
on a slide rule a .shown at Fig. .377. The scale is laid horizontally 
and division made on the paper beginning at the 0.8 point as 
outlined. This point can bo called 0.08 or 0.8 as the engine 
cylinder volume may dictate, follow’d! by 0.09 (or 0.9), 0.1 
(or 1), 0.15 (or 1.5), etc. The vertical scale is laid out in a similar 
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manner, beginning at the zero point, and railing the unit or 1 
point 100 lb., the 2 point 200 lb., ete. ('ro.s.'sline.s are 
drawn, resulting in a ero.ss-seet ion ehart, a.s shown in Fig. 370. 
Purcha.se paper h.as the divisions made by starting at I, then 
2, 3, etc., instead of 0.8. 

The indicator di.agrani is now divided into volunu' and ])re.ssure 
units. It is not necessary to divide the volume dimension into 
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units n'pre.senting the actual cylindei' volume b\it the division 
may be into units of tenths, or of p.arls of one hundn'd, making 
the total diagram volume plus the clearance volume erpial to 
unity or one hundred, d'he systetn (jf division is shown in Fig. 
378. 

It is necessary to hav(! tin; eleaiance volume exact or the 
logarithmic diagram will be worthless. In a vertical engine with 
a smooth clearance volutne tiu' linear dimension will ropre.sent the 
volume clo.se enough. In an engine with a cylinder head similar 
to Fig. 330 it will be necessary to measure the volume. 'I'his 
may be done by putting the engine on dead-center, [ilacing wax 
about the piston top to prevent l(‘akage along the piston. The 
combustion chamber is then filled with water out of a weighed 
bucket, until the chamber is completely filled. The amount of 
water used is found by nwveighing tlu^ bucket and finding the 
difference in weights. 

Upon transferring the diagrams, if the clearance volume has 
been accurately determined, tin; compression line should be 
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straight, as in Fig. 379. If the expaTision line shows an angle a.s 
in line abc, Fig. 379, it may be assutneil that there is some after¬ 
burning. In this chart the expansion lines ec,fc, and gc arc fairly 
straight, incidentally the diagrams shown were in some instances 
taken from solid-injection engines. 

I'Ingineer.s who find that the exhaust temperatures arc running 
high or that the exhaust valves burn, will upon such transforma¬ 
tions to the logarithmic paper discover that the expansion lines 
show afterburning. Such indicator work may apix'ar l.aborions, 



but every engineer should use an indicator and ho will find that 
the study of the logarithmic diagram of value. 

Indicating the Solid-injection Engine.—The method of indicat¬ 
ing this engine is cpiite the .same as with the Diesel to discussed in 
this chapter. The iiuiieator diagram for the solid-or pump- 
injection engine, however, iloes not show the constant pressure 
combustion line. Combustion is at both constant volume and 
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Force. —Force may well he defined a.s that which either causes 
motion or tends to either cause or prevent motion. Suppose wo 
have a cylinder, Fig. .381, filled with a gas at some pressure such 
as 100 lb. per square inch and the cylinder fitted with a friction¬ 
less piston. The gas, if not o()pos(Hl by some extei-nal force", 
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would expand and push the piston out of the cylinder. If the 
cylinder had a cross-sectional area of 1 sq. ft. (144 sq. in.), then 
to prevent the expansion of this gas we must load the piston with 
144 X 100 or 14,400 lb. This weight just equals the pressure 
exerted against the piston by the gas. Tln^ gas pre.ssure is 
evidently, by definition, a force since it tends to push the piston, 
and likewise the attraction of gravity on the weight is also a force 
since it tends to push tin; piston inwardly. These two forms are 
opposite and equal, and as long as this condition exists the piston 
will not move. 

Work. —If the amount of weight holding the piston down bo 
reduced, the force exerted by the gas upon the piston will be 
greater than the opposing force due to the weight, and the piston 
will move upward. The force P exerted by the gas over a dis¬ 
tance >S has then perfornn'd work. Work is, then, force times 
distance or may be expressed as IT = FS. d’his is similar to what 
takes place within the engine cylinder, when the pressure- 
exerting force upon the piston causes the latter to move and by 
a suitable connecting rod, crank and pulley wheel does work by 
driving machinery, etc. 

Work is equal to force t imes dist ance, and, if pounds and feet are 
the units used, it is me.asured by a unit calk'd a foot-pound. 
It will be noticed that the rate at which the force moves docs not 
enter into the amount of work doin'. 'I'liere is just as much work 
done in lifting 100 lb. from the floor to a height of 100 ft. at the 
rate of 1 ft. per day as tlu're is in lifting it at the rate of 1 ft. per 
second. 

Power.- —The element of time enters when considering the 
power developed in doing work. Power is, then, the rate of 
doing work. James Watt, when installing his steam engine to 
replace horses in the English mines, wanted some scale of com¬ 
parison of the engine power with that of the draft horses. In 
order to have an excess of power he rated his engines on the basis 
of lifting 550 lb. 60 ft. in one minute or 33,000 lb. a vertical di.s- 
tance of 1 ft. in one minute, this being somewhat more than the 
mine horses could do. He called this rate of doing work 1 
horsepower. 

Horsepower. —The horsepower is, then, a rate of doing work 
equal to the lifting of 33,000 lb. 1 ft. per minute. This is likewise 
equal to a rate of 550 ft.-lb. per second or 1,980,000 ft.-lb. per hour. 
This is the standard unit employed in English computations. 
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When (he metric system is iisci), ol)vi(iusly the unit of power is 
different. 

Since the pressures during tlie suetion and diselmrg(' strokes 
are about atmospheric the net pressure for these two strokes is 
zero. The net average pn'ssure exerted on the piston isol)viously 
the difference between the averag(' pre.ssun' on tin' power stroke 
and the average pressure of the eompression stroke. If (his net 
average pressure be known, the work done per cycle is the product 
of this pre.ssure per .scpiare inch exerted against (he piston times 
the area of the piston in inelies (to obtain tlie total pre.ssure) 
times the distance tlie piston is moved by (liat pre.ssure. Tlic 
work done per cycle in foot-pounds is (hen I’la, where 

P = m.f'.p., 

I = stroke in feet; 

(I = piston area in .Mpiare inidies. 

The power developed in one cylinder per minute is lh(' product 
of the work Pla and the number of times tin' piston is forced 
forward on the power stroke or 

Pou'Ci'= work per iniiiiile= Plan 

where n is the number of power strokes of the pi.ston; this for a 
two-.stroke-eycle engine is eipial to the nutnber of revolutions, 
and for a four-stroke-eyele is one-half the revolutions per minute. 

Finding Mean Effective Pressure. 'I’he indicator diagram is 
a closed figure and its height at any point is proportionid to the 
cylinder pressure at that |)oin(. in (he stroke less the cylinder 
pi'i'.ssttre at the same point in (he eompre.ssion stroke. The 
length is proportional to the engine .-troke, and if (he area is 
known the average height will be found; this height is jiropor- 
tional to the mean effective pressure. 

To find the mean effective jiri'ssure the simple.st way to obtain 
the average height of a elo.sed figure of this kind is to divide its 
area by its length. If a plane figure is 4 in. long and covers 8 
sq. in., it is ca.sy to see that, whatever its shape may be, its 
average height is 8 4 = 2 in. This is the way that most 
indicator diagrams tire treated. The diagram area is measured 
with a planimcter, atid by dividing the area by the length (he 
average height is obtaitied. This height multiplied by the scale 
of the spring with which the diagram was taken, gives the mean 
effective pressure. 
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In the al)scncc of a planiincter the mean effective pressure may 
be measured approximately by dividing the diagram into equal 
divisions, as in Fig. 382, measuring the height I of each division 
and multiplying their average height by the scale of the spring. 
The more numerous the divisions the more accurate the result. 
Ten arc gcmerally used because it is easy to divide by 10 in 
getting the average. 

It is almost impo.ssiblc to divide a diagram length directly into 
10 even sc'ctions since the diagram is seldom of an even measure, 
as 3 or 4 in. To find the heights I of the 10 divisions, which 
are the measurements actually desirc'd, as shown in Fig. 382, 
rather than the divisions themselves, vertical lines perpendi¬ 
cular to the vacuum line at 0 and X and touching the ends of the 



- •FiiuHnt' mvtin hoiKht of a diagram. (One aliown is a steam engim* 
diagram.) 

diagram to be measured, should be erected. Next, taking a .5-in. 
rule, place it at an angle with OX that allows the zero reading on 
the scale to be at 0 !ind the 5 mark to cut the vertical line drawn 
through X the end of the diagram, as shown in Fig. 383. Now 
draw a lino along the rule from 0, and using the rule and a pin, 
start at the scale reading and make a pin mark; next make 
one opposite the il^-in. mark, followed by one at 2}-i, at 2%, 
334, etc., each }i in. apart. By drawing through these pin 
marks lines perpendicular to the vacuum line OX the diagram 
length is divided into 11 spaces, the first one OK' and the last 
one SX being just one-half the length of each of the remaining 
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spaces. The points at which these vertical lines cut the upper 
and lower lines of the diat’iain deline the limits of the several 
lengths h, h, 1% . . . fio. 

To find the average height, the sum of h, l-i, It .. . iio is 
first found, and by dividing by the number of lines (10), the 
average height is determined. This is proportional to the mmn 
ejfeclive pressure, the factor being the spring scale. If a 200-lb. 
spring has been used in the indicator, it is best to u.se a rule with a 
40-lb. scale marked on it for measuring tln^ distances It, etc. Hy 
then dividing by .50, the mean elTeetivi' pre.ssiire in pounds p('r 
s(|uaro inch is found. If such a rule is not. at hand an ordinary 
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rule imiy be used and the value obtained in inches multiplied by 
the spring scale. 

A plan followed by many engineers is to takt; a strip of paper 
and by laying it along fi fii'st mark this hmgth on the [taper, then 
the .strip is transferred to h and this added to the length h 
.already marked on the [taper strip. By thus adding all the 
ton lengths, the sum may be measured by a scale, and the taror 
should be lc,ss than when the scale is set against each length. 

The method here outliiu'd may be placed in the form of a rule 
as follows: 

Divide the diagram length into 11 divisions, the first and last 
being one-half each of the other divisions. Erect vertical lines at 
each division. Add together the distances intercepted on these 
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the scale to be at 0 !ind the 5 mark to cut the vertical line drawn 
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Horsepower at High Altitudes. - Figure 38-1 is a chart issiK'd 
l)y the Nordbcrg Mfg. ('o. whicli sliows the decrease in engine 
output at localities above .sea level. This drop is due to the fact 
that air at a high altitude weighs less per cubic foot than at sea 
level. The actual weight of air taken into the eyliiuler is then less 
and the amount ol fuel burned and engine otilpul is deer('a.sed. 



Calculation of Probable Mean Effective Pressure.—Robertson 
Mathews published in Power a chart, Fig. 385. by which, assum¬ 
ing an air to oil ratio and a fuel consumption per horsepower, the 
mean effective pressure may be obtained, d'he dotted line on the 
chart will show at once how the chart m.ay lx; usi'd. 
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Fio. 385.—Chart for finding m.e.p. when the fuel consumption, air-fuel ratio, and 
suction pressure are known. 
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OPERATING PROCEDURE 

Starting.—Tli(' motliod for starting adopted on all Dii'sels 
citd) 0 ((ics tlie use of high-pressure air, whieh hy entering one or 
more cylinders forces the piston downward. 'I’hc air is discharged 
at the end of tin' stroke and at tln^ proper time (that is, the ])oint 
of fuel injection) anotlier air cliarge is introduced thnnigh a 
mechanically operated air-starting valve. Tin's i)roc('dure is 
continued until the other cylinder starts firing, whereupon tlie air 
supply is shut off. 

Starting Procedure.—Tin' e.xact method of starting dilTers 
with the several makes of (uigines. The geni'ral plan isasfollovvs: 

1. The engineer should he on duly I'l minutes before starling 
time to make all necessary preparations. 

2. Ojx'n .and adjust ail luhriciilors and see that m.ain hearings 
and gears have sufficient oil. 

3. Open valve on fuel-oil line, turn the fuel-pump lever on 
jUhng, after ascertaining that test cocks on cylinder heads aia^ 
oi)en. As soon as the fuel runs a steady stream loithoiit air bubble!: 
put the fuel-pump lever in running position. 

4. R.ar engine over one complete turn immediately hefon^ 
starting and then .set one of the starling cr.anks about 1.5deg. 
past top center, after which barring gear should be thrown out of 
gear and locked. 

.5. After ascertaining that the pumps arc working salisfao 
forily, the testing cocks shoidd then be closed and to 10 strokes 
piimped into the sjuay valves in ca.se tlui juimps hav(^ hatid 
plungers. If fuel pumps have been dismantled, an easy way to 
ascertain if pump is all right is to put blast air in line and by 
pumping with hand pump, resistance should be felt which will 
vary according to the air pres.sure in the bla.st line. If no resis¬ 
tance is felt, this would show that the pump is not in working order 
and it would bo useless to attempt starting the engine as fuel 
pump must bo capable of pumping oil against a pressure as high 
as 1,100 lb. when engine is in service. 
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(j. 'rui n on (he cooling water ami never start before same runs 
freely. 

7. Open air-compressor throttle and see that drains on the 
coolers are closed. 

8. Ascertain air pressure in the air bottles. Never start 
with less than 700 lb. pressure, more preferable, providing it is 
not more than 1,000 lb. per square inch. Open compressor and 
blast valves on a blast bottle, then open the main valve on one 
of the starting bottles, which will set the engine in motion. 

9. It the starting and injection pressure is low prevent a 
false start by taking the following prccaution.s: 

Prime the fuel delivery pipes (sec specific instructions regarding 
(he fuel pump). 

With a bar under the valve hivers try all the valves to sec that 
none of them stick. 

Fill the water jackets with warm water. 

Remove all possible load from the engine. 

If the injection-air pressure is also insufficient (lielow 525 lb. 
per square inch) the valve of the injection-air bottle should not 
be opened. The air pump will furni.sh the reijuired injection-air 
Iiressure after a few revolutions. When the engine comes up to 
speed open the valve in the injection-air bottle gradually to raise 
the pressure up to normal. 

If the engine drives a generator this can be used as a motor 
for starting, in the following manner: 

Hook down the exhaust valve levers. 

Do not open the injection-air receiver. 

Place the controlling wIk'oI of (he fuel pump at “Stop.” 

When the engine comes up to speed release the exhaust-valve 
levers and set the fuel pump control wheel to “Work”; prime 
with kerosene it used for fuel. 

Never use oxygen for starting. 

10. After the engine has made four or five revolutions, put 
starting levers on each starting cylinder to the running position 
which puts starting cams out and fuel cams in action, then close 
the valve on the starting bottle. 

11. As soon as engine is under full speed and the cylinders fire 
regularly, load may be put on. 

Causes of Failure to Ignite.—Failure of the engine to start 
firing may be traced to one or more of the following troubles, 
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insufficient or no fuel; low compression pressure in the engine 
cylinder; loo low nn inj<'e(ion air pressun*; cold cylinders. 

If the engine fails to lire at the (irst trial the engineer should 
not waste the compressed air in repeated trials, hut should 
investigate and make the neces.sary correct ion. 

Insufficient Fuel.--Insufficient fuel or total failure of fuel 
.supply to cylinder may he caused hy an empty fuel .service tank 
or hy a closed stop valve in the fuel line hetween measuring pump 
and tank, and the.se should he eheeke<l up (irst. On .some types 
of fuel-measuring pumps the air-starting gear and pump mechan¬ 
ism are not interlocked in such a wav that the jnimps are auto¬ 
matically put into operation when the engiiu' hegins to turn with 
air. In such a case it may happen that the |)ump levers are not 
set in the operating po.sition heforc starting. 

Because of the small (luantity of oil handled per stroke hy the 
fuel-measuring pump and the high pressure pumped against, this 
pump is very sensitive to air that may lie jiresent in the oil. A 
fundamental requirement in good pump design is that no pockets 
may be permitted in the nil passages in pump or valve ehamher, 
where air might collect, hut many pumps hav(‘ been and are still 
being built that do contain such pockets. Most |)umps are 
provided with vent valves .so that the collected air may he blown 
out. Sometimes the fuel may Ix' prevmited from reaching the 
pump by an air pocket in the pijie between the pump and the 
tank. 

The most common cau.se of failure of fuel supply is leakage of 
air past the check valves in the fuel lines to the spray valves. In 
all closed-nozzle-type sjiray valves the mixing chandier in the 
valve body, where the spray air and oil mix before entering the 
cylinder, is always in direct communication with the spr.ay-air 
system and con.scquently is filled with air at injection pre.ssure. 
In order for the fuel pump to force the oil into this chamber 
agaiikst the air pressure, it is e.s.sential that the oil pipe be full of 
oil right up to the inlet to the valve chamber, so that when the 
pump forces a small amount of oil into the pump end of the pipe, 
an erpial amount will bo forced out of (he othi'r end into the 
valve chamber. 

It is obvious that if this pipe is partly filled with air, the oil 
column, when acted upon by the charge of oil being forced into 
the pipe by the pump, will simply compress the air and no oil 
will be discharged into the valve. If the discharge valve of the 
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fuel pump is perfectly tight, no air from the spray-valve chamber 
can force its way into the oil pipe after the pipe is completely 
filled with oil, but the fine grit present in nearly all fuel oil makes 
it very difficult to keep this valve perfectly tight very long. For 
this reason practically all Dicsel-enginc builders install a check 
valve in the oil line to each spray valve, as close as possible to the 
))oint of entry of oil into the spray-valve body. This valve 
closes against the air pro.ssure in the spray-valve body so that the 
nil column in the pipe is subjected to pressure oidy during the 
time the |)ump is discharging into the line at one end and forcing 
the oil through the check valve at the other. With this arrange¬ 
ment a pump will work quite satisfactorily even though the 
discharge valve is not perfectly tight, as long as the chock valve 
remains tight. 

Testing the Spray Valve.—This valve can be tested while the 
engine is stopjicd, by turning spray air from the bottles into 
the air lino to the spray valve and then opening the by-pass in the 
fuel-oil line near the check valve. If the valve leaks, the air will 
blow out of the by-pa.ss. If there is no by-pass in the litie, the oil 
pipe may be disconnected at the pump and the air will blow out 
there. Before making this test, the engine must bn jacked 
around until the spray valve, to which is attached the lino being 
tested, is in the closed position so that the spray air will not 
blow into the cylinder. In order to provide additional insurance 
.against spr.ay-air leakage into the fuel-oil lines, some builders 
provide two check valves in each oil line and two discharge v.alves 
in each pump. 

Lc.aky suction valves in the fuel pumps, or valves stuck open, 
may be responsible for the failure of the oil to reach the cyliiuhu's. 
Fxainination of the valve and seats will usually indicate a leaky 
condition. 

Compression Too Low.—If the comjrression in the cylinders is 
not high enough, the temperature of the air in the cylinders will 
be too low to ignite the oil, as shown in Fig. 372. If the com¬ 
pression is due to leaky cylinder head or valve-cage gaskets, or 
leaky relief valves, the leakage will be indicated by the noi.se of 
the escaping air. Other causes arc leaky inlet, exhaust or air- 
starting valves, and stuck piston rings. The methods of remedy¬ 
ing these defects are obvious and will not be further enlarged upon. 

It is seldom that wear of the piston or of the rings takes place 
so suddenly as to cause ignition failure without due notice. With 
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worn pistons the engine will become harder to start until it 
finally refuses altogether. 

Fuel Injection Too Late.-If the fuel is not injected into the 
cylinders until after the eoin|)res.sod air has started re-expanding 
as the pistons move away from I ho heads and increa,se the cylinder 
volume, the temperature of the air may hav(! fallen so low that 
it will not ignite the oil, and the effeet produced is the same as in 
the case of low compre.ssion. This late injection may bo caused 
by the adjirstablc nose on the spray-valve operating cams ship¬ 
ping. The clearance between cams and rolhu-s may be too great 
or the valves may be clogged so that the fuel does not flow rapidly 
enough. The cams should be examined to see if thi'v have 
slipped on the shaft; if they havi- not, thim the cam toes need 
advancing by means of the adjusting screws. The rollers 
should be examined to .see if any are badly worn or brok(‘n. 
Kach valve should be checked with the dial plate or the valve- 
setting marks on the (iywheel. 

Tf the spray valves are clogged so that the fuel is retarded in 
its passage through the valves, an abnormal ri.se in spray-air pres¬ 
sure will be noted if the compressor suction is open wide when the 
engine is turning on starting air. The valves should be disassem¬ 
bled and all sediment and carbonized oil that may have accumu¬ 
lated cleaned out. 

Failure of Injection Air.-- Tlu; capacity of the injection-air 
bottles is often so small that if the injection-air com|)ressor does 
not begin charging immediately ui)on starting the engine, the 
result will cither be complet(! ignition failure or ignition will 
occur for a few revolutions, then fail as the |iressure in the bottles 
falls. When this occurs, no further aUem|)ts to start should be 
made until the compressor trouble is located and remedied. 

'I'lie mo.st common causes of loss of compre.ssor cainicity are 
broken or leaky valves. TIk; local ion of the defective valve may 
be determined by observing the gage pressures in tin; different 
stages while the engine is turning over. An abnormal ri.se in 
pressure in the first or second stage indicates that air is leaking 
back through the discharge; valve in that stage. Rise of pressure 
in the high stage may indicate a closed stop valve in the discharge 
line to the engine, clogged strainers or clogged spray valves. 

If an e.xcessivc amount of lubricating oil is used in the com¬ 
pressor, a jelly-like cmidsion will be formed, which will lodge in the 
strainers and interfere with air flow. If the compressor shows loss 
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of capacity, witli pressure below normal in all stages, it may be 
due to obstruction of the suetion of the first stage. In the case of 
compressors that are regulated by throttling, this suction loss of 
capacity may be found to be due to the suction valve being closed. 
Another cause for rapid loss of spray-air pressure is sticking of 
spray valves. If a spray-valve stem jams in its guide so that 
the valve is not forced back to its scat by its spring, the spray 
air will blow into the cylinder during the whole cycle and so 
much air will be blown away that the pressure in the system will 
fail. A condition of this kind will make itself known by very 
severe explosions in the affected cylinder, due to preignition of 
fuel that has been blown into the cylinder too early in the cycle. 

Cylinders Too Cold.—If the jacket-water circulating pump is 
started before the engine, it may happen that the cylinder walls 
and cylinder heads may be chilled to the point where ignition is 
interfered with, this condition being most likely in cold climates, 
during the winter months when the cooling-water temperature is 
very low. This cooling affects the ignition in two ways it reduces 
the temperature of the compressed air in the engine cylinders and 
it also increases the viscosity of the fuel oil after it is deposited in 
the spray-valve cavity, so that atomization of the oil is more 
difficult and its passage through the valves is retarded. In cases 
where' this trouble is oxperioneed, it is best not to start the cooling- 
water circulaling pump until after the engine is started. When 
st('am is available, it is advisable to make a connection to the 
wat er system so that the circulating water may be heated and the 
cylinders warmed up before starting the engine. 

Loss of Compression.—The most fi'ccpicnt cau.scs of lo.ss of 
compression are leakag(' of air out of the cylinders, due to leaky 
('xhaust valves, iidet valves, relief valves and air-starting valves; 
leaky cylinder-head gaskets; and broken, stuck or worn piston 
rings. In th(! case of two-stroke-cycle engines of the valve- 
scavenging typo, leaky scavenging valves may be added to this 
list. When the trouble is caused by leaky relief valves or leaky 
cylinder-head gaskets, no special investigation is required to locate 
the leaks, as they will make themselves known by the noise of the 
escaping air. A leaky air-starting valve can be located by feeling 
the air pipe below the valve; if the valve leaks, the pipe will be 
hot. If the inlet valves draw the air in through individual pipes, 
a leaky valve will make its condition known by a loud whistling 
noise in the pipe attached to that particular valve, but where all 
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the inlet valves take in air tliro\igh a common pi))o or manifold, 
the indentification of the leaky one is not so easy. Leaky exhaust 
valves are revealed by a whistle in the exhaust line. In that form 
of construction characteristic of most lai'se, crosshead-type 
engines, where the lower ends of t he power cylinders are not inclosed 
within the housing, piston-ring leakage mak('s itself known imme¬ 
diately by the peculiar noises, varying in intensity from a sneeze 
to a loud explosion, made by the air and the products of combus¬ 
tion blowing past the piston rings anil out of tlie open ends of the 
cylinders. In the ca.se of trunk-piston engines, where the lower 
ends of the cylinders are inclosed within llie housing, the noise 
can seldom be heard and the iii.ston rings may leak for a long time 
without the knowledge of the engineer, unless indicator diagrams 
are taken or the rings e.xamined, altliough leakage past the piston 
will always reveal itself by the smell of the crankcase when 
opened. If leakage past the piston rings is occurring, the nor¬ 
mally bright wearing .surface of each ring will be blackened at the 
points of leakage, and the blast elTect of the gases will .sometimes 
create a stratified appearance on the surface of the piston. 

When low compression in one or more cylinders is shown hy the 
indicator diagrams, circumstances will usually indicale the naturi' 
of the cause. If the engine has jusi been erected and there is no 
rea.son to suspi'ct li'akage, it is safe to assume that the linear 
clearance between pistons and cylinder heads has not. been 
correctly adjusted; on the other hand, if the engine has been in 
service any length of time, the trouhle will he found to be due to 
leakage at one or more of the points enumerated, unless the 
bearings have been adjusted freipiently, in which ease the decrease 
in compression will occur gradually. If leakage is causing the 
trouble, the point of leakage may be determined by a process of 
elimination. In most cases it will be found that the trouble is 
caused by leaky exhaust valves or piston rings. If any valve or 
cylinder-head gasket is found to lie leaking, the procedure for 
correcting the trouble is obvious and need not be explained. 

Leaks past the piston rings that are caused by wear of rings or 
liners may sometimes be stoppi'd by peening the inside surfaces of 
the rings, to increa.se their ten.sion. This peening should be done 
with a ball-peen hammer while the ring is hold on a smooth metal 
surface, striking light blows with the hammer at a point directly 
above the point of contact of the ring and the plane surface, and 
rolling the ring until its entire inner surface has been pecned. 

35 
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If the cylinder liners are worn oval, the only remedy is to rebore 
the liners or install new ones. The rules of the classification 
societies require that a number of spare piston rings be carried 
on all Diesel-motored ships, so that new rings are always avail¬ 
able for replacing broken ones, and all well-c(iuipped stationary 
plants carry an extra set. If low compression is due to excessive 
clearance between a piston and its cylinder head, this clearance 
must be decreased by lengthening the piston, piston rod, cross- 
head and connecting-rod assembly. 

The only practicable method for doing this is to add sheet-metal 
shims between the foot of the connecting rod and the top shell 
of the crankpin bearing. The engine builder usually furnishes 
a table showing the thickness of shims required for changing 
the compression any desired amount within the range of pressures 
that may bo expected in practice. Having determined from 
the indicator card the amount it is desired to increase the com¬ 
pression and prepared shims of the necessary thickness, the crank 
to be worked on is placed near top center, and the weight of the 
connecting rod, crosshcad, piston rod and piston snp])orted by a 
bar placed through the guide and under the crosshcad slipper, as 
in Fig. 133, or by some other suitable means. 

Tlio crankpin nuts are then removed, the shaft jacked around 
until the top box is pulled away from the connecting rod, the 
lower box and crankpin bolts lowered away until the bolts are 
pulled opt of the holes in the connecting rod, and the .shims 
may then be slipped into place. This job may be greatly 
simplified if the shims are cut away on a radius. If this is done, 
the crankpin nuts need not be entirely removed from their bolts 
and no support for the lower box need be rigged; the nuts arc 
simply slacked off, the box pulled away from the rod enough to 
admit the shims and when the centering lug has been slipped 
through the center hole in the shims, the latter can be revolved 
into place. 

If the engine is of the trunk-piston type, the piston can be 
supported as shown in Fig. 133. Two timbers, a tritle shorter 
than the distance between the piston and the blocking alongside 
the main bearings, are inserted when the crank is on top dead- 
center. Turning the flywheel will allow the weight of the piston 
and rod to rest on the timbers. After loosening the rod bolts, 
the wheel may be turned until the crankpin bearing leaves the 
big end sufficient for the insertion of the shims. 
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To Stop Engine.—Before stopping engine be sure that all air 
bottles are charged up to full pressure. 

If engine has been working on heavy fuel, light fuel must be 
turned on from five to ten minutes before shutting down. 

To stop engine set the control of the fuel pumps to “Stop” 
by means of lover provided for this juirpose, which puls find 
pump out of action. Next, close the valve on the blast bottle 
and, when the engine has come to a slop, close the compressor 
valve and put starting levers in to “Start.” Release compres¬ 
sion by means of levers acting on valve rockers, or l)y opening 
indicator cocks on .smaller engines. Also open drains on com¬ 
pressor coolers. The cooling water shoidd be allowed to run for 
10 to 30 minutes. This will prevent the seizing of the piston 
or pin. 

Operation.—Oreat care should be exercised with a view of 
keeping the exhaust clean. The usual causes for smoke are as 
follows: 

Engine being overloaded. 

Euel-lcver rollers having none or too much clearance. 

Blast pressure being too low. 

Presence of dirt in atomizers. 

Scavenger valves or fuel valves not closing properly. 

Use of unsuitable fuel. 

Load on cylinders is not eciually divided. 

Compression is too low. (This should be between 4.50 and 
500 lb.) 

The Engine Knocks or Pounds in Operation.—Ih-avy knocks 
and pounding arc caused by sl.ackness in the crankpin box or in 
the piston-pin box or by explosions in the cylinder due to a fault 
in the ordinary process of combustion. 

Bearing knocks arc located as follows: 

Stop the engine, turn it to the upper dead-center and place a 
lever under the crankpin box. With a finger partly on the box and 
partly on the shaft any slight play in the bearing may be notc'd. 

I.ooseness in the piston-pin box is detected by holding the con¬ 
necting rod firmly, raising the piston and observing the vertical 
movement between the piston and cylinder. This is more easily 
observed when the piston is at the lower dead center. 

Explosion shocks are due, as already mentioned, to a fault in 
the process of combustion; it may be traced to one of the follow¬ 
ing causes: 
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(а) The fuel valve opens too soon, indicated by a sharp noise 
in the cylinder. The fuel valve opens too late, indicated by a dull 
thud in the cylinder. 

(б) The injcction-air pressure is too high. 

(c) The needle docs not scat properly, allowing biel oil to got 
into the cylinder during the suction and coinprc.ssion strokes. 

(d) Fuel oil enters the cylinder in largo quantities, because 
the cone of the pulverizer is not in good condition. 

Cooling Water.—The outlet temperature of the cooling water 
should bo kept between 130 and 140deg. F. on cylinders, llOto 120 
deg. F. on pistons and 140 to 150 dog. F. on oxhau.st, but under no 
condition should the latter figure be exceeded. In cases where 
hard water is used for cooling, the above temperature should be 
decreased. 

The Engine Smokes When Running.—This may be due to: 

Too heavy load. 

Too low injection pressure. 

I'liel-valve needle opens too late. 

Leaky valves, which n'ducc* the compression pressure. 

k'uel-valve burner plate is (dogged. 

The piston rings stick. 

The Speed of the Engine Falls below Normal.—d’his happens 
when the engine is overloaded, also in case there is |)oor combus¬ 
tion. If a bearing runs hot the spc'ed will drop. 

The governor does not act properly, for example the regulating 
collar may fit too tight on the shaft, which lowers the speed. 

Air may have forced its way into the fuel pump so that the 
fuel is not delivered regularly or the governor may bo too stiff; 
so that it does not regulate quickly enough for a variable load. 

Air Pressure.—The blast pressure should be varied according 
to load; about 600 lb. for no load and about 1,000 lb. for full 
load. If the blast pressure is too low, the engine will smoke, in 
other words the combustion is imperfect. If too high the engine 
will knock. Under no circumstances should the blast pressure 
bo under 600 lb. 

Condensed moisture from the air should frequently be blown 
off from the drain cocks on low and intermediate air-compressor 
receivers, also from the valves provided on the starting and blast 
bottles. 

Care of Valves.—Suction and exhaust valves on large engines 
should bo examined and ground every 2,000 hours, or as soon as 
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samp shoWvS signs of Ipaks. Tlio froiiupnc}’ of insppption of the 
above valves clopciuls greatly on local coiulitiona. 

Fuel-valve needles should bo ground and atomizers cleaned and 
ground every 1,000 hours, or carli(>r if found neeossarv. 

Air-compressor valves need very little attention but should be 
examined as soon as compn'ssor shows any signs of losing its 
efficiency. A good way of ascertaining whether or not valves 
need attention, is to watch gauges of the different stages as it can 
easily be seen if there is any leaks from one stage to another. 

Fuel-pump valves should be ground once every 1,51)0 to 2,0t)0 
hours and pump wa.shed with coal oil. The neee.ssity of examin¬ 
ing these valves depends greatly on the ((uality of fuel oil which 
is being used. 

Piston.—The main and compressor pistons should be drawn 
once each year for cleaning or as soon as there are any signs of 
leaks. Piston rings should be replaced where found necessary 
and cylinder lubricating system cleaned. 

Roller Clearances.—The ditTercnt valve levers roller clearances 
should bo checked over fre<iU(aitl\', as well as every time that 
lovers are removed. The clearances of the rollers may bn 
obtained from the engine builders. 

For particulars as to care and adjustment of any engine part., 
the reader is referred to the cha|)ter dealing with the detail in 
question. 
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TESTING OF OIL ENGINES 

General. —Thm have boon in tho past many tost oodos issued 
by various (mj^inoering bodies, all of those tost codes boinj^ (piite 
similar. The American Society of Mechanical Engineers has had a 
committee engaged for some time in drafting a new tost code. 
Whil(' the committee has issued only a tentative code which has 
not been adopted finally by the A. S. M. E., nevertheless there is 
every reason to believe that the code as reported will be adopted 
with but few changes. (-onsequently, the author here reproduces 
the preliminary draft of this code with a feeling that it is a little 
more complete than any of the other existing ones. 

1. Tests for (lotcnnininu tlie pcrforinanco of itilcrnal-cotnhusfion (MiKincs 
by this code apply to all forms of internal combustion ongincs, but are 
limited to the onlines alone Scj)aratcly driven auxiliaries that are essential 
to the operation of the eni^ine, such as scaveuKiuK pumps or blowers and 
injection air compressors, for example, must be included in the tests, but the 
testiiiK of such units must follow the other codes appropriate to the unit to he 
tested nn<l the results in liorsepowcr absorbed introduced and used iii this 
code. 

2. Internal-combustion en^[;mes, compared to others for which codes are 
available, include a much greater variety in form, size, speed, weight, fuels 
and other operating conditions, with more or less special features for partic¬ 
ular applications. This fact makes it necessary in a single inclusive code 
like this to leave many details of the test to tho judgment of the test engineer, 
or to be made the subject of expressed agreement before the test is started. 
Suggestions are offered in this code as to limitations, alternatives ami diffi¬ 
culties to aid in making selections of details, always with the understanding 
that suitability to the cjusc shall l>e the basis of judgment. 

3. Sizes of internal-combustion engines coming within this code range 
from 1 lip. to several thousand. Speeds range from less than 100 r.p.m. 
to over 3,000 r.p.m. Numlicrs of cylinders range from one to twelve or 
more; some horizontal and others vertical; some single-acting and 
others double-acting; some two-cycle and others four-cycle, with every 
variety of attached and separate scavenging pump for two-cycle engines. 
Fuels range from the lightest distillates to the heavy residue fuel oils, organic 
and mineral in the liquid-fuel class, and in the gaseous form include every 
combustible gas commercially availalde. Purpose and variety of load or 
other service conditions normal to and proper for each engine cover equally 
wide ranges. Stationary engines operate at all loads normally at constant 
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speed under Rovernor control, for any i)eri(Kl of lime and any degree of 
interniittcnce of use. Marine engines opeiate normally at full load, and the 
constant speed fixed by the propeller, but must be maneuvered aln'ad and 
astern at any speed umler hand control, and may operate for any perunl of 
time from short intermittent runs to the continuous full load for a month or 
more required of seagoing motorslnps. Aircraft engines must meet ulamt 
the same service conditions as marine engines, except that a smaller length of 
single run is required, but thev must operate in the greati'st known ranges of 
atmosjdienc pressure and of temperature Other engines of tlie automotivi* 
group, those for land tran.sportation, including tliosi* for automobiles, motor 
trucks, tractors, railroad locomotives and si'lt-conlamcd cars, are csscntiallv 
variable in speed as normally used, and equally variable in torijiie, horse¬ 
power being as much a matter of secondary importance as in a hoisting 
engine or steam locomotive The ongim's of this last grouj) drive their 
vehicles through gear sets of different speed ratios, at changing vehicle speeds 
and changing vehicle resistance, and tests of them must be coiuiucted 
with due regard to the.se servici* conditions. 

It is obviously impossible m any single code to iiri'scnbe tests iinh'tail 
that could be oijually applicable to all these conditions, so that some exclu¬ 
sions arc necessary At the same time it is highly desirable that tests for 
all internal-combustion engines set by this codi* should have as much 
in common as may be jiossible, <‘vcn if somi' latitude of judgment is m'ce.ssarv 
to make this jHissible. 

4. Excluded from this codi* are tlie following 

(а) Complete internal-combustion engine stationary power ))lants using 
gaseous or liquid fuels, w'hich have j)ower-generatmg or powm-absorbing 
auxiliaries separate from tlie engine 

(б) Motor-lxiat and motorship jiower plants and the ves.sels themselves. 

(c) Aircraft and their power plants. 

{(1) Land propelled vehicles, with or without spei'd-change gears, including 
motorcycles, automobiles, motor tincks, tr.n-tors and rail locomotives or 
self-contained cars. 

(e) All internal-combustion engine “sets,” consisting of an internal- 
combustion engine so combincil with a dnvim unit as to make it im|M)ssible 
to determine separately the performance of the engine it.self, or such as falls 
within the scope of other codes, excepting only electric generating sets. 
Among these sots herein excluded are interrial-combnstion-imgiiie pumps, 
compressors and hoisting outfits, wlu'lhcr used for hoisting or for hauling 

(/) All internal-comhustion (mgmes, the construction or operating cniidi- 
tions of W'hich prevent an output det(‘rmmation m terms of mther brake 
horsepower or kilowatts, for a gi'm^rating sel 

fi. Included within this eodi* arc flu; following inti'rnal-combustion 
engines not excluded bv any of the items of Par. 4. 

(а) Stationary engines, and electric-giuierating sets oven if not intended 
for stationary use, burning gaseous or li<iuid fuels, including the scavenging 
pumps of two-cycle engines, and injection air compro-ssors, if used and 
separately driven. 

(б) Marine engines exclu.sive of propeller, ami burning light or heavy 
liquid fuels. 
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(c) Aircraft englnefi limited to block tests, exclusive of propeller, and 
biirninK b^bt liquid fuels. 

{(1) Land vehicle engines liinile<l to block tests and burning light and 
heavy fuels. 

6. Reference is made, in connection with the exclusions of Par. 4, to the 
separate codes for testing: 

(a) Displacement pumps. * 

(b) (Centrifugal and rotary primps. 

(c) Reciprocating displacement compressors and blowers 

(d) Ontrifugal and turlxi-compreasors and blowers. 

(e) Refrigerating machines and |)lants. 

(/) Ijocomotives. 

Reference is also made in general to other codes prescribing items forming 
part of this code, which must be considered in connection with it. All 
directions in these codes, noted below, apphcalile to this one must be 
followed: 

(g) General instructions. 

(h) Definitions and values. 

(i) Instruments and apparatus. 

(j) Fuels. 

OllJEOT 

7. In accordance with the “General Instructions,” the object of the test, 
and if more than one, tlien each separately, shovdd be determined and 
recorded. 

This code is limited to tests in which the object is of a commercial nature. 
It excludes all tests forming part of experimental investigations, research 
or development. Rut while no engineer undertaking tests of a research or 
development nature needs any code if he is competent to make such investi¬ 
gations, it will usually be found that parts of such research work wdll be aided 
and in no way hampered by following parts of this code. It is also in the 
interests of those branches of engineering, whose progress is based on 
experimental data, if any parts of an investigation are carried out in accord¬ 
ance with the code, and recorded in accordance with the code. Results 
so obtained are more easily comparable with the large numl>er8 of tests 
always being carried out on the lines of the codi*. The research data then 
enter readily into the general liody of knowledge of the internal-combustion 
engine. 

8. Tests of the kind contemplated by this code and for which it has been 
prepared, are those in which the object of tin* le.st is deJintUou of an engine 
by its performance chametoristics. 

9. When the object of the test is wholly or in part the determination 
of fulfillment of a contract guarantee, an agreement should be made before 
the test l)etween the interested parties on all matters that involve any 
possible elements of uncertainty, or that may later be a cause of dispute, 
as noted in Par. 3 of the “General Instructions,” and the points agreed upon 
should be stated in the report of the test. 

10. Agreements betw'een interested parties should also be made and 
recorded even when a contract guarantee is not involved, before undertaking 
any test in which an element of judgment is involved in the selection of any 
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inatruraent, piece of iippnratua, pli>hinil conHlant, test mefluxi, opt'ralioii 
condition or other matter that will i)roimife the lUTuraey. the value, eon- 
cluaivenesa or the general aeeeptalnhty of the resulta when obtained. 'I'hia 
matter is one of special importance m testa on internal-combustion engines 
because of their great variety. 

11. SulM)bjects of the mam object may often be of value in improving 
the value of results obtained in the test for the mam object and may them¬ 
selves be made the subject of separate tests, but in all eiises only when inaile 
the subject of previoue agreement as to the nature of the sub-objects and 
the test procedure. Sub-objects of a test must be separately reported as 
such to clearly distinguish them from the mam object, and it is advisable tliat 
reasons be given for making such special tests. This is cspee.ially im[H>rtnnt 
when the speeial test for the subH»bject is to !>«> condueteil at the same time 
as the test for the mum object. *Some sub-objects that may be expected to 
arise m connection with code tests of inti'rnal-eombustion engme.s are listed 
l>elo\v, but no special iiistructions concerning them are included in this code. 
Selection is left entirely to tlie judgment and agreement of the test engineers, 
but none of those sul»-objeets will be eonsi<h‘re«l as tests made “aceording 
to the A. S. M. K code,’' unless speeifically added to the reijuirements by 
agreement and so marked in the rejxirt. It is roeorninended as good [uaetiee 
that they conform as far as ]X).sMblo to such parts of this and other codes as 
may be found applicable 

(а) Exhaust-gas analysis, with special rebuence to the ilelcriiiination of 
air not utilized by the engine in combustion, and of unburned fuel or com¬ 
bustible. 

(б) Fjxhaust-gas temperature, with special precaution to get accurate* 
results in view of high velocity of ga.scs, intermittent flow', and cooling condi¬ 
tions in exhaust ports and pipes, determined with special reference to equal¬ 
ization of load between cylinders of multi-cylinder engines, or accuracy of 
adjustment of combustion conditions, or percentage of fuel heat discharged 
in the exhaust. 

(c) Amount of air taken into an engine, with special reference to the 
volumetric efficiency and the coniiiletencss or incompleteness of the charging 
as a factor in actual as comiiared to jK)ssil)l(! power devidoped. 

(d) Properties of liquid or gaseous fuels with reference to suitalality for 
use in the engine, or with reference to identity of the fuel as to some specifica¬ 
tion. 

(c) Determination of variations m the quality of lubricating oil or its 
contamination by use, especially by fuel or fuel products, and particularly 
for engines provided with a fixed amount of lubricant successively reused. 

if) Nature of solid deposits in comlmstion chambers, on pistons, valves 
and ports, resulting from use and originating in fuel or lubricant or in solids 
carried by the air. 

ig) Amount of air reiinircd to start an engine provided w’itli air-starting 
equipment, in relalion to the capacity of starting compressors, especially 
for engines that must be frequently maneuvered in service. 

(h) Electrical starting rciiuirements of engines ii.smg electricity for starting 
on heaters or electric motors, m relation to generator and storage 
battery. 
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(i) Amount and prcHsurc of air required for uir-nprayinj? apparatus of 
air-iiijection oil cnKinos using fuel oils, m relation to tlio spray-air compressor 
capacity. 

(j) I'ower consumed by each or all of normally attached auxiliaries, 
with or without other operative characteristics of these auxiliaries, which 
include electric generators or magnetos, storage batteries or complete electric 
ignition apparatus, jacket-circulating pumps, direct or radiator cooling fans, 
lubricating-oil and fuel-oil pumps, starting and spray-air compressors, 
scavenging pumps of two-cycle engine.s, attached fuel and lubricating-oil 
heaters and coolers. 

(k) Smoko quantity aud color or density, and particularly when smoke¬ 
lessness in some degree is a matter of importance or of specification. 

Mba.suiibments 

12. The mea.surcmonts that must be made m a performance test of an 
infernal-combustion engine will be the following quantities: 

(a) Cylinder iliameter, stroke and clearance volume of working cylinders. 

{h) Diameters of piston rods and tad rods of working cylinders of double¬ 
acting engines. 

(c) The brake-horsepower or shaft-horsepower output. 

(d) The kilowatt output if engine is direct-connected to a generator. 

(c) d'he speed in revolutions per minute 

(/) The horsepower to drive the water-cooling pump and fuel-pump (if 
any). 

(g) The horsepower to drive the indepemlcnt scavenging pump or blower. 

(h) The horsepower to drive the independent injectloii-air compressor. 

(r) The amount of fuel supplied: cubic feet of gas for gas-burning engines, 

or pounds of liquid fuel for liquid-fuel engines. If more than one kind at 
the same tune, the amount of each kind. 

(j) The calorific value of the fuel, high value. 

13. The measurements which may be made m addition to tlioso reiiuired 
by Par. 12, will bo some or all of the following as may be agreed in advance 
by the test engineers: 

(a) Cylinder diameters and strokes of injection air-comprcssor. 

(/>) Two-cycle engine scavcnging-pump diameter and .stroke. 

(r) Diameters of piston and tad rods of scavenging pumps of two-cyclc 
engines. 

(d) Diameters of piston rods and tail rods of injection-air compressor. 

(c) The indicated horsepower. 

(/) The nuinher of explosions per minute, or fuel injections per minute, 
or in general, combustion times per minute, for each and for all working 
cylind(‘r8. 

(g) The spray-air pressure of air-injcction oil engines. 

(h) The exhaust back pressure at the engine. 

(t) The scavenging-air pressure of two-cyclc engines, constant or maxi¬ 
mum values. 

(j) Tlie manifold vacuum of carburetor engines. 

(k) The jacket-water or oil-supply pressure at the main, and if jackets 
are divided with separate supplies, the pressure at the supply |)oint or branch 
pipe t-o each. 
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(l) The jacket-water or oil hack pressure at tlie main outlet, or if jtiokets 
are divided with Hcparate discharges, the pressure at the outlet of each. 

(m) The prcs-sure or vacuum or the lualrauhc head, jxtsitive or negative 
of the supply of liquid fuel at the earlmretor connection of carliurelor 
engines, and at the injection-punq) suction of injeetion oil engines. 

(n) The pressure or vacuum of the gas supplied to gaa-hurning engines 
at the mixing valve connection. 

(f>) The total prevssure, static and velocity of coohng-air siipjily of air-<‘ooloil 
engines. 

(p) Barometric pressure. 

(q) Atmospheric hunu<hty. 

(r) The pres.sure of hihricating-oil supply to lieariiigs of engines luhncati'd 
by pump forced-feed circulation. 

(.‘?) The temperature of the atmosplu'nc-air supply. 

(/) The temperature of the fuel for gas at I lie iiiiMiig vahe, or for liipiul 
fuel at the carburetor or injectlon-pump suction 

(w) The temperature of the jacket water or oil as siqiplied to the engine 
as a whole, or if jacket.s are divided with .sejiarati' sup{)Iii“H, the teiiiperature 
of each separate supjdy 

(e) The temperature of the jacket water or oil leaving the engiiu' as a 
whole, or if jackets arc divided with separate outlets, the teiiipiTalure at 
cacli outlet. 

(}/') Tlic temperature of the .scavenging air of two-cych^ engines. 

(x) Temperature of injection air. 

(//) The temperature of tlie luiiricating oil siipiilicd to the engine at as 
many points as there are <hfferent .supjilies of puiii|)-circulated luhncaimg 
oil, or in tlie crankca.se of engines without pumps or having iniinp di'livenes 
that do not permit of temperature measurement. 

(c) The temperature of tlie eooltiig air supplied to an !ur-<‘<)ohMl engim*. 

(aa) The amount of lubricant consumed, pounds. 

(u6) Tlie amount of jacket water or oil supplied, pounds, for engines a.s 
a whole, and when jackets arc divide*! for each if Initli .sujiply and discharg** 
are separate. 

(ac) Amount, pouiuls or cuhie ha't, of cooling air supplied to air-('ool**il 
engines. 

{(ul) Amount, pounds, of jacket water evaporated m jacket.s of lioppi^r- 
cooled engines. 

(ae) Amount, poumls, of injection water .supplied internally to cylinders 
of some oil engines, as a liquid or as steam. 

(of) The compression pre.ssure in cylinders wluui hot and cold, at normal 
or at reduced speed at wide-open throttle. 

14. In preparing a list of measurements from tin; items of Pars. 12 and 1.1, 
to be made preparatory U) the jilanning of the log, and a.s a guule to their 
selection, it must be noted that in the aiK)vc lists of measurements there arc 
provisions for three groups: 

(а) Mcjusurement.s re<iuired for the determination of re.sult.s required for 
this code, namely, time of Ihir. 12. 

(б) Measurements to indicate the maintenanee or variation of important 
operating conditions which might I>c descriljcd as the steady state required 
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for I he <('Hi pnwrilKMl, !)ut which inejwnrcincntsdo not tlieiiihclves enter into 
the rcHuItH except as specifying conditions under which the results were 
olitaincd. For example, this is the case with all jacket water or oil and all 
luhricating-oil measurements of pressure, temperature and quantity. Tliese 
are included in the list of Par. 13. 

(r) Measurements for one or more of the determinations re(juired by 
such sub-objects listed in Par. 11, as may be made the subject of an agree¬ 
ment by the interested parties, These are included in the list of Par. 13. 

In.stiiumkntk and Ai'pakatus 

15. Directions regarding the application, use and calibration of instru¬ 
ments and apparatus, do not form part of this code Such information 
is given in the ('ode on Inslniment.s and Ajiparatus, .supplemented by that 
on Definitions ami Values, in which will also be found slatemeni.s on .scope 
and limitations of use, and on accuracy. 

The instruments and apparatus required for a performance ti'st of an 
internal-combustion engine as proscribed by this code will include some or all 
of the following: 

(a) iScales with or without .s|)ecial auxiliary ajiparatus for weighing IkiukI 
fuel, with or without tanks to be u.scd in cooperation. 

(b) (las meters for mea.suring gaseous fuel, or gas-metering metlaxls with 
indirect observation apparatus. 

(c) Gas calorimeters for determining the heating value of gaseoius fuel.s 

(d) Haum<5 oil hydrometer for petroleum liquid fuels, and for iniiircet 
determination of calorific power. 

(e) Pressure gages and mercury or water columns for measuring small 
jirossures and vacua. 

(/) Thermometers. 

(g) Barometers. 

(h) Gas-engine and oil-engine indicators for working cylinders and steam- 
engine indicators or special low'-scalo springs for cylinders of two-eyclc 
scavenging pumps and low-pressure cylinders of inject lon-air compressors. 

(i) Pressure-indicating or recording instruments for compre.ssion pre.ssures 
or injection pressures in cylinders. 

Xj) Planimeters. 

(k) Tachometers, revolution counters or other apparatus for measuring 
speed or number of fuel admissions per minute. 

(l) Absorption dynamometers of appropriate type for the horsepower, 
.speed and torque of the engine to be tested, especially hydraulic brakes 
and electric dynamometers. 

(m) Appropriate electrical instruments and apparatus, if the engine is 
direct connected to a generator, to jirovide a suitable electrical load and to 
measure it. 

16. In making a selection of instruments suitaldc for the moiisuieinent 
of (juantities required by the performance test under this code, and con¬ 
stituting its main object per Pars. 7 and 8, it is necessary to exercise consider¬ 
able latitude of judgment in view of the variety of internal-combustion 
engines noted in Par. 3, to insure proper relation of selected instrument to 
the conditionspf measurement to be made. Some suggestions are offered 
IkjIow as a partial guide to such selection. 
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17. Indicators cannot )>e u<?o(l at all on some intornal-coinhnstion engines 
and in other cjiscs only within hmit'<. In no ciuse can an indieat'Or ho 
regarded us a precision instrumonton an intcrnal-condmstion engine h) (ho 
same degree as on a reciprocating steam engine. Some special ea-si's are 
noted: 

(«) When the engine speed exceeds 4(K) r p m. an indicahir must not Iks 
used for determining the cylinder mean elTeetive pressure of an internal- 
combustion engine. This excludi's it and the determination of mdieateil 
horsepower for all engines of Par. TiU i and Titdi, and all engine of Pars 5(0) 
and 5(5) operating over 400 r p m 

(b) When the engine speed exceeds 100 r p m optical indicators may he 
useful Jis a means of adjustment of valve or sjiaik timing, hut have no other 
value, and are of no use even for sueh adjustmmits m (he ea.se of mulli- 
eyhnder engines. 

(c) On all hit-and-miss-governe<l engines (lie indicator must not h<‘ used 
for determination of the cylinder mi'aii cfFcctivi' picssure for indicated- 
horsepower determinations, thus excluding such dctcrmmutions from l(‘s(s 
of hit-and-iniss-governcd engines 

((/) When indicator cards taken even at speisls of tOO r.j) m or less an* 
not constant in shape and area over long jienoils of time while a constant 
load is maintained, the indicator must he rejected a-s a mean.sof determming 
cylinder mean ofTective pre.ssiires (hough it may he ii.sed as a means of 
adjustment of tuning, es|)ecially as a guide to e<|ii.ilix,tng the liming for 
multi-eyhiider engines or the (wu ends of a donhle-actmg cvhnder. 'I'he lest 
as to constancy of area shah j 2 per <’<‘iit, so tliat whim the !aig(*st ar(‘a 
differs from the smallest area !»y 1 per cent or more of their anthmetical 
nu'an, all shall he ri'jectcd At vaiious odd intervals of tune, at least t<*n 
diagrams shall he taken on one card in addition to tho.se. taken at regular 
intervals, for comparison as to constancy. 

(c) When indicator cards taken even at speeds of lt)0 r p.m. or les.s are 
apparentl> constant m area, according to the conditions (d), tliey mav still 
he useless a.s a means of detcimmmg cylinder mean cfTective jiressure and 
indicated horsepower, when the cylinder prc.ssurcs ari* very high, the spring 
scale large, 500 Ih more or less, ami the whole iiK'usured (“ard area at the 
same time is very small Umler these conditions the prceisnm will l>o very 
low and the iiulicaleil horsepower much in error Just what set of eomhtiona 
will pro<luce a result had enough to reject must he left to the judgment of 
the test engineer, with the suggestion that the* aiamracv of phuumetering the 
smaller area he used as a ha-sis of judgment d his comhlion makes it hope- 
h‘.ss to umlertake determinations of indicated horse|H)wer for many oil 
(•ngines of the high-pressnre type, ih;veloi)uig only Hiiudl mean elTcctive 
pri'.HSureH. 

(/) Even in the cases where the indicator cannot properlv he used as an 
Instrument for measuring mean cyluuler pressures and indicated liorsepow<‘r, 
it can he usefully employed as a me^ns of adjusting and equalizing tlie 
cylinder compression, the adjustment of mam valves, the point of ignition 
m electrically ignited cngine.s, of .spray-valve timing of Diesel oil engine, or 
the injeetioii-purnp timing of injection oil engines with direct pump 
injection. 
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ig) Wlien the conditions of proper use of indicators for mean-effectivc- 
prcHHure determinations are all fulfilled, no indicated-horsepower determina¬ 
tion sluill l)(! made unless a separate indicator is used on each working 
cylinder of a rnulti-cyhndor engine (each end). 

18. brakes or ahsorption dynamometers when used mu.st l)c suitable for 
the engine to be tested, m capacity, in speed-torque relations, and in ability 
to maintain an adjustment without necessity for constant hand manipulation 
to hold scale beam steady. 

(a) For testing all engines of Par. 5(c) and (d), nothing but an electrii; 
dynamometer shall 1)C used to determine brake horsci)ower 

(5) For brake-horsepower tests of engines of Par. 5(6), the electric dyna¬ 
mometer bliall be used, or hydraulic, if reversing tests are to be run. On 
engines of this class of large size and lower speed, hyilrauhc brakes of the 
type in which brake torque varies with the wth power of the speed, 
and in which n is equal to or greater than 1.5, shall be used as the preferretl 
form. 

(c) Other forms of brake may be properly used with (uigmes of Par. 
5(a) and so also when available may the hydraulic tyjic and the electric 
dynamometers alx)vc dcscrif>ed. 

(d) When brakes of any kind cannot be mounted directly on the engine 
shaft without other supports, due precautions must be taken, p<T instructions 
in the Code on Instruments and Apparatus, to avoid errors due to these 
supports. 

(e) In no case may a brake driven l)y a belt or otherwise than by direct 
coupling to or mounting on the engine sliaft, be used for engine brake- 
liorsej)ower measurements. 

(/) With due jirecautions and under prop(?r provision.s brake-honsepowor 
detormmutions may be made by the indirect or substitution method, and 
this is important because in some cases it is the only means available. 
According to this method the engine may be tested with a load such as a 
propeller (air or water type), a club or a fan, which propeller or fan may later 
be, or previously have been, tested for its speed-torque characteristic curve, 
and the horsepower of the engine determined by reading from thus curve the 
hor-sopower for the speed maintained by the engine. The special precautions 
referred to relate to assurances of identity of conditions of flow through ami 
resistance of the propeller or the fan undc’r the two separate tests of use and 
of calibration. This is .so difficult that none but test engineers of special 
experience should undertake it. In no case can results of test-stand torque 
alone be acceptable in brake-horsepower determinations for an engine. 

19. In measuring speed, the choice of instruments is determined by the 
character of the test curriod out. ('ontimious speed counters may be used 
only for slow-running engines, whore a constant speed of considerable 
duration is maintained. Hand speed counters placed directly against the 
engine shaft may be used, if handled carefully and well made. Tachometers 
may be used of the centrifugal, liquid pumping, or magnetic tyi)c, but these 
must bo carefully calibrated and records of recent calibration must be 
available. Tachometers must be connected by a reliable tachometer shaft 
or by positive gearing to the engine shaft, and in no civse should bolting 
be used as a connecting link. 
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20. The lieiiiing value of fuels to Im} u.sed in ealeulations of n’suHs of tests 
of internal-oomhustion engines must be the "high value” pnxluets condensed 
or the direct reading of a water calorimeter properly used m accordance 
with the procedure specified by the ('ode on Fuels. 

Accordingly the following recommendations an‘ made: 

(a) Wlien gaseous fuel is burned m an engine under test, a standard form 
of gas calorimeter shall l>e use<l iis one of (he instrummits of the test, and its 
determination vshnll be used as the heating value of the gas as supplied. 
Calculations of heating value from the gas analy.'^is are not |M'rmis.sible 
according to the code, but with all details of apparatus, methods and physical 
constants involved may be made thi' subject of previous agreemmit. 

(h) When liquid fuel is burned m an eiigiiK* under test, its heating value 
shall bo determined m a stamlurd Isiinb calonmcti-r bv a recognized physical 
or chemical lalKiratory, the selection of which should b<‘ a matter of previous 
agreement, and in the report the “high value” should Ik* used in calculating 
final results. In no cause shall such a deti'rminahon be part of the <luty of a 
test engineer, nor should his re,suits be regarded lus ac<“eptable. 

(c) The heating value of ga.solines and kero.sene.s mav be estimated by (he 
Sherman & Kropff formula, modifiiMl by Stmng, fnun the Baiimt* reading 
without the lK)nib test, if sucli proc<‘dure is made (lie .subject of jirevious 
agreement. 

21. (Ja.s measurements for engine burning gaswus fuel must be niaile 
with meters or by metluxls yi(*ldmg the greatc.st po.ssible accuracy eon.si.sti'iit 
with availability and cost in the large sizes. 

In no cjuse can the results of jiroportional nic'tcr.s be regnrdisl as satis¬ 
factory, nor those of vnne meters of the anemona'ter tyjio Witliin the 
limits of .size and cost, positive displacement iiK'li'rs are bi be prefc'ircd, 
but these are not available for measurements of large capacity 

Large capacity measurements are best imnle by means of one of the various 
types of Row-rate inca-surcments, an<l that one, applied to mixed gases, 
should be used tliat require.s the simplest and most accurate determmatnm 
of physical or chemical properties 

When physical or chemical proper!i(‘s of a mi.vd gius must bo determim'd 
for use In a metering ealculation, (‘ven if oiih gas density direct or compnti'd 
from the analysis, a recognized chemical lalxiratory shall be agreed upon to 
make the determination and its nqiort shall be ac(a*pt(‘d and used. In no 
cjuse shall the test engineer make* a determination of fihysical or chemical 
proportie.s of gases, nor shall his ri'sults lx* acceptable if lie doo.s so. 

If measurements of volume of injection air or of scavenging air are desired, 
the orifico-flow method will lie sufficiently correct if used a.s prescribed in the 
(bde on Instruments and Apparatus, but the formula and conditions for 
such tost must 1x5 agreed upon m advance between the engineers. 

22. Liquid fuel supplied to an engine should never l»c measured by volume; 
it must be weighed directly as used. Combinations of weighing and volume 
measurements are acceptable if the volume of t]i(5 tank itself is not the 
measure but only a reservoir from which the engine draws a supply, starting 
with a predetermined level marked hy a hook gage or on a glass, and a 
weighed quantity subsequently supplied to restore the original level.' In 
this case, the weight is the measure and the result acceptable if proper pre- 
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cautions arc uHcd to limit the wciRht error of reading IcvcIh to something less 
than tlie error of tlie scale weighing. 

In no case shall meters he used to measure licjiiid fuel supplied to an engine. 

When volatile fuels are used, and especially wlien heavy lujuid fuels 
containing light volatiles must be heated to make them flow, precautions 
must he taken to prevent losses of weighed fuel i>y evaporation, and the 
main supply must he protected against evaporation that may fractionate or 
concentrate it and change its quality with time. 

IhiECAIUTlONS 

23. l^efon; iiroceediiig with a lest, I’ars 4 to 8 of the “(leneral In.struc- 
tions” shoulii he reviewed. The dimi'nsions and physical conditions of all 
parts of the engine shouhl he determined and recorded. The same should 
he done for all parts external to the engine to he tested, the condition of 
which might clTect the success of the test in many ways. 

24. Things external to the engine should alway.s he given attention first, 
and if on in.spection and preliminary trial anytlung should be found that 
might impair the value of the test, it should he corrected before starling or 
even before the condition of the engine is examined. In view of the great 
variety of engines and operating arrangements, it is impossible to enumerate 
all of these things, Imt for their suggestive value a few arc noted below: 

(а) Jacket-water supply should be assured in proper quantity, of proper 
cleanliness as to freedom from sediment, non-corrosive, ami of a kind that 
will not deposit scale in the jackets when its temperature i.s raised. It is 
necessary also to arrange for a.s nearly constant a supply temperature as 
possible 1.0 maintain a sti’ady stale as to temperature <)f heated engine pails, 
'rhe exceptions to tins are: air-eooled engines; engines with l>oiling hopjier 
jackets or with thermo-siphon circulation to tank.s, or with any sort of 
circulation of a fixed amount of wnler between jackets and a radiator or 
cooler. In those ea.se.s a proper supply of cooling water or air for the cooler 
or radiator must he a,ssure<!. Kngines oi)erating with oil in jackets are 
included in the last group. Air-eooled engines must he a.ssured of a supply 
of cooling air j)r()i)er m amount, velocity and direction as well as temperat ure, 

(б) Kngincs operating with electric ignition, especially in the larger sizes, 
may he dependent on an external supply of current for the ignition .system, 
or especially in small engines he supplied from primary or storage batteries. 
Assurance of continued su[)i)ly at proper voltage for the whole test must be 
provided, and the most rehahle means is an alternate source. 

(c) When liquid fuel is to he used, there should he a sufliciently large 
supply of the grade to he hurnetl to last for the whole period of the test, 
and in the case of viscous or semi-viscous oils, which do not mix well without 
heating, special care should be taken to assure the mixing of new oil supplied 
to the tanks with that already in the tanks. This is especially imixirtant 
for that group of oil engines most sensitive to grade of oil. 

(d) Lubricating oil in sufficient quantities to complete the test should also 
be available before starting. When the lubricating system includes a tank 
or sump, especially when it is of considerable capacity, this should be drained 
and new oil provided or new oil in sufficient quantities properly mixed with 
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it to prevent any cliannos diinnK t)»o oUior tluin tluwe normal and 
incident to its opcratjon. 

25. If the engine is l>y previous agreement to l>e to.sted ‘‘as i.s,” or m 
whatever condition it may liaiijien to he, tliere is notlung further to Ih> done 
before starting the test except to determine all those dimensions required 
to identify the engine, or necessary for tiie calculation of result.s. 

On the other hand, and normally, the engine should lirst be put m proper 
condition to perform in a inannor proper an<l normal to it, so that the test 
results wilt be not only a measure of uliat it did do, but also of what it is 
capable of doing. 

In the absence of anv agreement to the contrary, it will always be assumed 
that before starting the test the engine will be put in proper condition so far 
as can be done by cleaning, by stojijiage of all leaks and by adjustment, 
including replacement of small parts, such as spark jiliigs or spray valves. 
Some suggestions are given as a guide to tln‘se .several group.s of items, but 
these must not be regarded a.s a substitute for the judgment of the test 
engineer, who should in all cases record not only the condition in which the 
equipment was found, but also everything done to change the comlition. 

2(). Dimensions and other data not necessary for calculating test result.s 
but useful to identify an engine or to increiuse the value of future comparative 
analyses may properly include some items of its commeicial specifications 
not properly elassitiable as dimensions. Among such items, mchnling some 
thal are nece.ssary for calculating test n'siilt, are' 

(a) Bore, stroke, number of working cvlimbTs and m (he ease of two-cycle 
engines, tlie same infonnatioM for scaviaiging pumps, with nob'.s as to siiigle- 
or double-aid ing arrangement for ciIIht or Ixtlh and noti's regarding injeidion 
air compressor if used 

(/») Dimensions of other prmeiiial (ixeil and running parts, <liameter and 
length of all important beaiings and pins, iiicbnling pi.ston rods and tail nxls. 

(r) Dimensions of certain minor parts, fixial and running parts having 
important functions, such as valvc' lift, port area, Urea through mixing valves 
of gas-burning engines, carburetor choke ariM and nozzle siz(*r, injection- 
pump plunger Inirc ami stroke, push-rod or valve-rocker clearances 

(d) All items of adjustment and liming and for each cylinder of multi- 
oyiinder engines such us spark of electnc-igmtion engines, spray valve of 
injection-oil engines when meehanicall> operated, opening anil ido.singangles, 
injection pumps of injection engines delivering direetly to spray valves not 
mechanically operated, start and stoj) angles, normal pump by-pass valve, 
timing of injeetion-oil engines, inlet and exhaust valves of four-cycle engines 
opening and closing, all special valves of two-cycle engines 

(c) All narnc-plate information, together with important identification 
items of speciheations especially concerning attached auxiliaries, nature, 
size, capacities, with proper working pressures, temperatures or other items 
of operation or adju.stincnt 

(/) Certain dimensions in addition to the above, not matters of nlentity 
nor necessary for calculation of test results but of importance in judging 
the condition of the engine as a machine and useful in judging the value of 
the results of the test. Here arc included all items of alignment, clearances 
of bearings, pins, rods and slides, pistons in cylinders, rings in grooves, valve 
30 
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stems in guides, pump plungers in pump l)ody, throttle in scat, together with 
variations from straightness or roundness of cylinders, pistons and other 
parts. 

27. ClcaiilmesH, especially internal, is of great importance in the operation 
of mternal-combustion engines. Attention should l>e given, among other 
things, to the following suggestions: 

(a) Jacket surfaces on the heat-receiving side must be free from water 
scale, rust or other deposits, including carl)onized oil, if oil is used in place 
of water. Any deposit will cause the engine to operate unduly hot and may 
prevent operation entirely. 

(b) Combustion-chamber walls, including piston heads and all inward- 
facing parts, such as spark jiliigs, spray valves, air-starting valves, relief 
valves, as well as inlet and exhaust valves and the ports of four-cycle engines, 
and the jiorts of two-cycle engines, should be free from deposits, especially 
carbon, oil, gum or tar, and solids derived from uncleaned air. This also 
applies to cylinder walls and piston rings. 

(c) The lubricating-oil system should be free of all deposits of whatever 
kind, and all flow pas.sages freely and fully open, especially with circulating 
forced-feed systems. 

(d) The exhaust sy.stem, including expansion chambers, mufflers and pipe.s 
should be clean and free and so arranged as to not develop excessive back 
jiressure. Other engines exhausting into the same systiun must not interfere 
with the engine under test. It is always preh^rable however that no other 
engines should exhaust into the system of the engine umlcr test. 

(e) Fuel-supply and regulating systems must be clean and free of sediment, 
tar or other foreign matter, and ])assagcs fully open, especially for liquid-fuel 
engines, at the carburetor or injection pumps. 

28. Leakages must be located and corrected. Among important leakages 
to be investigated attention is calleil to the following: 

(а) Cylinder leakage outward, lowering the compression and efficiency 
or possibly preventing operation. These leakages may be best checked by 
an indicator if the engine is one suitable for indicator use. When there is 
any clear sjiace betwemi the compression and expansion lines of a card taken 
when there is no combustion and when cooling water is not running then it 
may be assumed that leakage is excessive. In this case, and in cases where 
an indicator cannot be used to check leakage, the several po.ssible sources 
of such leakage must be separately checked. These are piston ring, cylinder, 
cylinder-head gasket, air starting valve, relief valve, spray valve or spark¬ 
plug seat, inlet or exhaust valves of four-cycle engines, or air-scavenging 
valves of valve-scavenging two-cycle engines. 

(б) Leakage into the cylinder may occur from the jackets through bad 
joints, cracks or porous spots and blowholes in the castings, compressed air 
from the starting air system through leaky air-starting valves, fuel oil piust 
spray valve at improper times and high-pressure spray air w’hen air spraying 
is used in oil engines. 

(c) Miscellaneous leakages not into or out of the cylinder but elsewhere 
may be sought; in the manifold system of carburetor engines anywhere 
lietween carburetor and inlet-valve seat, especially at flanges and valve-stem 
guides; fuel-oil in injection-oil engines at pump valves, pump plunger, oil- 
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delivery pipe or spray valve, lubricating oil at pump, tanks or in piping, 
spray air at compressor storage Iwttles, valves or piping, starting air at 
compressor storage reservoir, valves or piping. Insulation of electrical 
circuits must be checked as a leakage item. 

29. Adjustments must be corrected if found to be wrong. 

Operating} (’onditions 

do. Ihe operating conditions conforming to the object in view should 
prevail as pointed out in Par. 19 of the “(leneral Instructions." If it is a 
matter of agreement that the engine is to bo tested m whatever condition it 
may be, and under whatever conditions may jui^vail, then there is nothing 
to be done except to keep a record of all tliese conditions, with special 
emphasis on variations of every item tiiat might cfTect the operation, or be 
useful in a subsequent effort to explain results. 

On the other hand, if by agreement operating conditions are specified 
more or less completely, then instruments shall be used and observations 
made to establish their maintenance or variations. 

In either case a record should be made and mclinled in the final report. 

This matter of operating conditions prevailing during the test is of very 
great importance in internal-combustion engines, not only because of their 
great variety and the corresponding variety of conditions normal to any one 
sort of engine, but also because the internal-combustion engine is self- 
contained, actually or e.sscntially, and sensitive to many conditions within 
itself, not noticeable unless sought. Many of these have already been noted 
under “Preparations," as concerned with sujiplie.s, flows, leakages, clearances 
and fits or adjustments, but in addition to these there always arise (lucstions 
of propriety of conditions of test in relation to comlition of service. 

Doubt and confusion will always result in internal-combustion engine 
tests if any assumption is made to the ciTect tliat the conditions of test shall 
be “normal." If the word “normal" is used at all to describe the comliiions. 
it must be defined by agreement. An agreement defining the conditions of 
the test is regarded as essential to all intcrnal-comU.stion engine tesls. 
The definition should include all the items neccHsary in two groups noted 
below, one concerned with conditions in relaiioii to .service, and the other 
purely with matters of test procedure. 

31. Operating conditions to be maintained during the test arc the ones 
most uncertain as will be clear from the following note: 

Aircraft engines must normally work in altitudes varying from sea level 
to perhaps 30,000 ft., and in temperatures varying from highest in suinrnei 
in the tropics, perhaps 120 deg. F., to the coldest known, under 50 deg 
F. below zero, and in any weather—dry, fog clouds, rain and snow. They 
must also operate well at any angle of inclination and even upside down 
but always with an air-propeller loud. In view of the fact that the only tests 
contemplated under this code arc fixed tests, it is clear that service conditions 
cannot be closely reproduced and only approximated even in the special 
altitude room of the Bureau of Standards w'ith its air-refrigerating apparatus. 

Engines for land vehicles are essentially variable in speed and variable in 
load in normal operation, and must instantly respond to controls that are 
constantly and suddenly varied in heavy street traffic, or perhaps maintained 
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for long periods of time in tractor or rail operation, and rarely develop 
maximum horsepower though frequently called upon tor maximum torque. 
There can be no such thing as normal horsepower or speed for such engines 
and acceleration is quite a.s important as horsepower. They must, further¬ 
more, operate on a fixed supply of jacket water or oil with an air-cooled 
radiator or directly air-cooled, so that external wall temperature varies not 
only with engine load but with vehicle speed, with weather and with climate. 

As used, especially with tractors, the air supply is usually dirty, and may 
be heavily laden with gritty dust, requiring the use of more or less effective 
dust separators or air washers. Again, it is clear that service conditions 
cannot be maintained during the block tests contemplated by this code. 

Marine engines, ranging from small single- and multiple-cylinder gasoline 
engines, often of very high speed, especially for racing Ixmts with gear drives 
and clutches, to the direct-coupled large reversing low-speed Diesel oil 
engine of motorships of 2,01)0 to 3,000 hp., always with a propeller load, also 
operate under service conditions that cannot be reproduced in block tests. 

Kven stationary engines as a class while normally operating under con¬ 
ditions easier to reproduce in the block tests or tests in place according to 
this code, do also include considerable variety as to what is normal. Some 
of these, especially the smaller ones, such as farm engines or hoinc-ligliting 
sets, operate for only short periods of time, and rarely it ever at full load. 
Others, especially those for irrigation pumping, may work continuou.sly at 
the maximum possible load 24 hours iier day for the irrigation period, of 
perhaps three months, and then be shut down for the rest of the year. 
Still others, especially those operating town water works or oil-pipe-line 
pumps may operate at full load 2-1 hours per day for a whole year or more 
Still others, notably the generating units of central stations, must meet 
the widest and most sudden fluctuation of electrical load without varying 
in speed enough to affect voltage or synchronous operation of alternating- 
current systems. 

The importance of agreement on these matters should be clear from these 
citations but the details must bo left to the judgment of the test engineer. 

32. Operating conditions during the test include mainly matters of load 
and speed to be maintained, with other points incidental to these. 'These 
should be agreed upon in all details, and should not be inconsistent with the 
conditions prescribed below: 

(o) Engines of the stationary class, including all engine-driven generator 
sets. Par. 5(a), shall be tested at constant speed under governor control or 
as near constant as the governor will maintain it, and at whatever load in 
horsepower or kilowatts may be required by agreement or specific object of 
the test. 

(b) All engines for the propulsion of land vehicles. Par. 5(d), except such 
tractor engines as are fitted with speed governors and operate normally under 
governor control, shall be tested with throttle wide open, with brake torque 
regularly varied from nothing to a maximum and back to nothing, at what¬ 
ever speeds may result, and the horsepower-speed curve typical of the engine 
shall be determined instead of the horsepower at any given speed. In 
no case should a safe speed be exceeded and when the highest speed used is 
the safe limit, it should be so stated. The maximum torque applied shall 
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in all caaes be greater than that which will produce maximum hoi-sepowor 
unless the speed required for this is too high to be safe. 

(c) Marine engines, Par. 5(6), and aircraft, engines, Par. 5(r), may 1 m) 
tested according to the conditions f)rescnl>cd for engines of land vehicles 
in all respects according to conditions prescribed for stationary engines 
except that the speed shall be maintained by the brake torciuo and not by a 
governor. Marine engines may also be tosti'd at constant speed for full¬ 
load operation fixed by their propellers 

Special attention should bo given to (jucstions of safety that may arise 
during operation, such as excess speed, or torsional vibrations at a given 
speed within the normal range, and the procedure to he adopted in such 
cases should also be included m th(‘ agreement. 

yTARTlNO. StOIMMNO AND DUUMION 

33. Before recording the test observations it is essential that an internal- 
combustion engine, together with all atfaclimenls and apimrtcnanccs, ho 
brought to a condition of fitmly state. I’he lest cannot be con8i<lered as 
having started until the engine ha.s been in operation for a sufficiently long 
time to have attained its steady slate for the conditions of the first run, and 
until preliminary observations have been made ami recorded to prove that 
such steady state has been reached. If succe.s.sive run.s arc to bo made, each 
under some different conditions, the.se must be repeated for each run. 

The preliminary observations establishing the attainment of a steady stale 
for the conditions of operation of the test or each run of the test, must ho 
made a part of the record. 

For an internal-combustion engine itself this is a matter of utmost import¬ 
ance, because the combustion chamber is a furnace in winch heat is developed 
at a given rate, depending on the fuel burned per minute in oacli cylinder 
(or each end), and in which the metal temperatures vary with this rate of 
combustion. Metal temperatures vitally affect the performance of the 
engine especially those of cylinder, cylmdcT head, and piston, with all 
attached parts, and in addition tho.si; of all bearings. 

The length of time necessary to establish the sternly stale will lx; difforont 
in engines of different class, and in any one cI.hs different sizves. In general, 
the weight of metal in contact with the combustion chamber directly or 
indirectly through thermal conduction will determine the length of time 
necessary, but the rate of combustion in British thermal units per hour per 
square foot of cylinder area will also be a factor. The greater the metal 
weight and the lower the rate of combustion the larger the time ncce.ssary to 
reach the steady state. While jaekid-water or oil temperatures arc important 
factors, they are not the controlling one.s. Lubricating-oil temperature, in 
the sump or leaving the bearings in a circulating system, is a guide to steady 
state of both bearings and of combustion-chamber metal, but not a con¬ 
clusive one. In no case shall an engine lie regarded as having attained its 
steady state unless jacket and lubricating-oil temperatures arc substantially 
constant. 

The means whereby the attainment of the steady state is proved must be 
a matter of agreement, but the time of operation itself for the preliminary 
period may be substituted. 
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In no case shall steady state for the first run be regarded as established 
in a shorter time than one hour after the operating conditions have been 
imposed and before test observations have started. For successive runs 
at other conditions the minimum time for any engine shall be 10 minutes, 
the actual time being determined by the extent to which conditions are 
changed in successive run. Maximum time to reach the steady state for any 
internal-combustion engine shall not be taken as greater than 24 hours, 
which may be regarded as permissible for the largest sizes of low-speed Diesel 
engines for motorships and double-acting stationary gas engines. 

34. The duration of the test after the establishment of steady state for 
set operating conditions shall be a matter of previous agreement, but should 
be greater for engines where reliability is a question of importance and which 
require the longest time to reach the steady state. 

In no case shall the length of run be less than the period required to reach 
the steady state, subject to the additional condition that the length of run 
shall be great enough to insure the accuracy of fuel measurement within 1 
per cent, except when gaseous fuel is motored and when metering accuracy 
is not imiiroved by lengthened runs. 

In some cases it may be found desirable to make a physical inspection 
of engine parts after the test to determine injury due to operation, but only 
when agreement has been iiindc as to details should this be done. 

ItnooiiDS 

35. The general data should be recorded as pointed out in Pars. 20 to 30 
of the “General Instructions.” Instruments should bo read at least 
quarter-hourly when the conditions are uniform, and oftener when there is 
much variation. Indicator cards, if taken, must be taken from every work¬ 
ing cylinder of multi-cylinder engines. If there arc wide fluctuations in 
readings, they should bo shown by recording instruments. 

Each indicator card should be marked when taken, with the numlicr, 
date, time, scale of spring, number and kind of cylinder and end of cylinder, 
if double-acting. 

The log should contain the records of the readings of all instruments, and 
these readings should be obtained at practically the same tunc as the indica¬ 
tor cards, it any are taken. 

If indicator cards are taken, the areas, lengths, mean effective pressures, 
compression pressures and maximum cylinder pressures, should all be 
recorded in the log. One or more sets of specimen indicator diagrams should 
be carefully selected for inclusion in the record. If, after taking indicator 
cards they are rejected, because of excessive fluctuation in area or insufficient 
area with high pressures for accuracy, a sample sot of the rejected cards 
shall be included in the record with the data to support the rejection and 
justify the elimination of indicated horsepower from the results. 

Calculation of Results 

36. The calculations necessary for deriving results from observations or 
from physical constants should not be undertaken without previously 
consulting Pars. 31 to 35 of the "General Instructions,” and the Code on 
Definitions and Values. 
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37. Fuel Consumption. —For liquid-fuel engines the actual fuel measured 
is stated in pounds in the re[x>rt of the test, and is subject to no corrections. 

38. Heat Consumption. —The number of heat units consumed by an engine 
per hour is found by multiplying the consumption by the heating value. 
The heating value for gaseous fuels is stated in the report of the test as found 
by the gas calorimeter, in B.t.u. per cubic foot, high value. 'I’lio heating 
value of liquid fuels is stated in the report of the physical or chemical 
laboratory engaged for the determination, in H.t.u. per pound of fuel, 
high value. 

39. Indicated Horsepower. —If indicated-horsepower determinations have 
been specified in the agreement before test and when the indicator can be 
u.sed, ami when in addition after using it the indicator cards are found to bo 
acceptable as to accuracy for determining mean effective pressure, per Par. 
16, then the indicated horsepower shall l>e calculated as follows: 

For four-cycle engines the indicated horsejiower for each single-acting 
cylinder and for eacli end of each douldc-acting cylinder shall be found by 
using the formula— 


2 X 33,000 

where P represents the mean elTcctive pres.suro in pounds per scpiaro inch; 
L the length of the stroke in feet; A the area in square inches of the piston 
less the area of the j)iston rod or tail rod, if any; and N the numlier of revolu¬ 
tions per minute. The total indicated horsepower of a double-acting 
cylinder is the sum of the horsepower developed in the two ends, and the 
indicated horsepower of a multi-cylinder engine is the sum of the horscjiower 
developed in each cylinder. 

For tw'o-cycle engines the indicated horsepower for each single-acting 
working cylinder, and for each end of each double-acting working cylmiler, 
shall be found by using the formula— 


Flip. 


PLAN 

33,000 


where the symlx)ls have the same meaning as alx)ve. Tlie total indicated 
horsepower of all working cylinders is the sum of the horsepower developed 
in each cylinder, and in each double-acting cylinder it is the sum of the horse¬ 
power developed in each end. 

The mean effective pressure, P, should be found by dividing the area of 
the diagram in square inches, as determined with a correct planimeter, by the 
length of the diagram, in inches, and multiplying the quotient by the average 
corrected scale of the indicator spring. 

Accuracy tests must be applied to determine the acceptability of the mean 
effective pressure thus determined, especially when cylinder pressures and 
spring scales are high (as for injection-oil engines) and card areas small, 
as is more usual for two-cycle engines of smaller size. 

40. Brake Horsepower. —The brake horsepower is found by multiplying 
the net force, W in pounds on the brake arm, by the circumference of the 
circle whose radius is the horizontal distance, L, in feet between the center 
of the shaft and the bearing point or weight center at the end of the brake 
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arm, and by N, the number of revolutions of the brake shaft per minute, 
and dividing the final product by 33,000. 


H.hp. 


2irLWN 

33,000 


Reference must bo made to tlie (’ode on Instruments and Apparatus for 
descriptions of Ijrakes, especially the hydraulic and electric dynamometer 
types, referred to in Par, 17 for methods of applying them, and especially for 
methods of determining correctly the net force W from tlie gross force, and 
for incidental or special errors in brake use and calculations. 

41. Electrical Ilornepower .—The electrical horsepower of a generator is 
found by dividing the output at the terminals expressed m kilowatts by the 
constant 0.7457. In the case of an alternating-current generator, the 
quantity of output dcterinined whether expressed in electrical horsepower 
or kilowatts, should be the net output. When the power for excitation or 
ventilation is taken directly from the engine shaft, the net output is that 
indicated at the terminals. When the exciting current is obtained from the 
generator througli a motor or from some outside source, the net output 
is found by deducting the current furnished as excitation from that delivered 
at the terminals. When the exciter is driven from the engine shaft, the 
engine supplies the belt losses and the exciter losses without being credited. 
When the exciting current is obtained from the generator through a motor, 
and the excitation current is deducted from that delivered at the terminals, 
the exciter losses are not credited. Wliereas with a separately driven 
exciter, it is really the exciter net output which is deducted from the power 
delivered at the terminals. In a close test these differences may be of some 
interest. It is regarded as important to have the basis of power determina¬ 
tion definitely agreed to in advance to suit the particular case and to be 
suitable to local conditions prevailing. 

42. Thermal Efficiency .—The fraction of the heat consumption converted 
into work is the “thermal efficiency’’ and is found by dividing 2,547 (B.t.u. 
equivalent to 1 hp.-hr.) by the number of heat units actually supplied per 
indicated horsepower hour. Par. 37. The quotient is multiplied by 100 to 
express the thermal efficiency in per cent. The formula is 


Thermal Efficiency = 


2,547 

tlQ 


where II = heating value of the fuel (high value), British thermal unit per 
pound or per cul)ic foot and Q - amount of fuel supplied per indicated 
horsepower hour, pounds or cubic feet. 


Data and Results 

43. The data and results should be reported in accordance with the form 
of Table 1 for horsepower tests made at constant speed, and in accordance 
with the form of Table 2 and chart. Fig. 1, for horsepower tests made over 
the whole range of a variable-speed engine. Lines may be omitted if not 
required for the object of the test, or new lines may be added for additional 
data desired. For marine engines either or both forms may be used. 
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Table 1. — Data and Results of Internal-combustion Engine Test 
AT Constant Speed 

(lENEiUL Information 


(1) Date of test. 

(2) Location. . . 

(3) Owner. ., . . ... 

(4) Builder. .... 

(5) Test conducted l)y ... 

(d) Object of test . 

Description, Di.m ensigns, etc. 

(7) Type of engine, two- or four-cycle, single- or double-acting, horizontal 
or vertical, if four-cycle, the valve arrangement D, T-,or l-licad, if two-cycle, 
the type of scavenging, if single-acting, whether crosshead or trunk piston, 
if multi-cylinder the arrangement of cylinders and cranks, gas or lK|Uid fuel, 
and if liquid fuel, carburetor type, or other class name tixing manner of 
treating fuel, such as livid, Diesel, or solid injection for example . 


(8) Class of service, stationary and special feature, marine, aircraft or 

vehicle, and what kind. 

(9) Auxiliaries attached, such as magneto, fuel-injection pump, fuel- 

circulating pump, lubricating-oil pumps, jacket-circulating pumps, scaveng¬ 
ing pumps, spray-air compressor, maneuvering or starting air compressor, 
railiator fans, oil or fuel coolers or heaters , . . . . 

(10) Auxiliaric.s, independent or .separately driven, and power 

(11) Details of tyjie, capacity, maker's name and other features of auxil¬ 
iaries. 

(12) Rated brake horsepower of engine, or kw. of electric generating set, 

and speed. . 

(13) Grade of fuel for which engine is designed, kind of gas or specification 

of liquid fuel, and what was useii in test. 

(14) Special structural features for fuel utilization. 

(15) Special structural features of speed ami power control, and governor 


or reversing gear. 

Number of working cylinders. . 

(16) Diameter of all cylinders working, four-cycle or two-cycle . in. 

(17) Diameter of piston and tail rods of working cylinders .in. 

(18) Stroke of working cylinders. .ft. 


(19) Head-end hp. constant for working cylinders (stroke X net piston 

area t- 33,000). . 

(20) Crank-end hp. constant for working cylinders (stroke X net piston 

area ^ 33,000) . 

(21) Capacity of generator or other apparatus consuming power of engine. 

(22) Characteristics of generator—d.c. or a.c., volts, cycles, phase . 
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Test Data and Results 

(23) Duration of test.hr. 

Pressures, Average 

(24) Barometric pressure.in. of mercury.lb. per sq. in. 

(25) Spray-air pressure (air injection Diesel engines) average (say whether 

gage or absolute).lb. per sq. in. 

(26) Exhaust back pressure.in. of water 

(27) Jacket-water supply pressure.lb. per. sq. in. 

(28) Manifold vacuum (carburetor engines).in. of water 

(29) Gas pressure in main gaseous fuel.in. water..lb. per sq. in. 

(30) Lubricating-oil pressure, circulating forced-feed system.lb. per sq. in 

(31) Scavenging-air pressure average, two-cycle engines, .lb. per sq. in. 
Temperatures 

(32) Engine-room temperature.deg. F. 

(33) Temperature of fuel.deg. F. 

(34) Temperature of main air supply.deg. F. 

Location of thermometer. 

(35) Temperature of main jacket-water or oil inlet.deg. F. 

(36) Temperature of main jacket-water or oil outlet. deg. F. 

(37) Temperature at inlet of separate jacket.deg. F. 

(38) Temperature at outlet of separate jacket.deg. F. 

(39) Temperature of mixture at intake port (carburetor engine)... deg. F. 

Fuel Properties 

(40) Heating value of gas, high value.B.t.u. per cu. ft. 

(41) Heating value of liquid fuel, high value .B.t.u. per lb. 

Total Quantities 

(42) Total gaseous fuel at meter pressure and temperature.cu. ft. 

(43) Correction factor for gas (Item 29 X Item 33 -f 460 -H Item 29 X 

Item 39 -f 400). 

(44) Total gaseous fuel at carburetor or atmospheric pressure.. cu. ft. 

(45) Total liquid fuel.lb. 

Hourly Quantities 

(46) Total gaseous fuel per hour at calorimeter or atmospheric pressure 

and temperature.cu. ft. 

(47) Total liquid fuel per hour.lb. 

Heat Consumption 

(48) Total heat in fuel supplied per hour (Item 46 X Item 40, or Item 

47 X Item 41).B.t.u. 

Indicator Diagrams 

(49) Mean effective pressure, average, four-cycle_lb. per sq. in. 

(50) Mean effective pressure working cylinders, 

average, two-cycle.lb. per sq. in. 

Speed 

(51) Revolutions per minute.r.p.m. 

(52) Piston speed.. ft. per min. 

Power 

(53) Indicated horsepower of all working cylinders.i.hp. 

(54) Indicated horsepower of each single acting cylinder, or each end of 
each double acting four cycle 































TESTING OF OIL ENGINES 


571 


No. 1 head end.. 
No, 1 crank end. 
No. 2 head end.. 
No. 3 crank end . 


etc. 


.i.hp, 
.i.hp. 
.i.hp. 
. .i.hp. 


(65) Brake horsepower devciopetl by whole engine by brake or dyna¬ 
mometer measureipent.b.hp. 

(a) Brake mean effective pressure.lb. per sq. in. 

(56) Total horsepower of independent scavenging pump and injection air 

compressor. ]i|, 

(57) Net or actual brake liorse|)ower of engine, 

(Item 5.5-Item 50) . .b.hp. 

(а) Net brake mean effective pressure .lb. per sq. in. 

(б) Net torque at 1 ft. radius equivalent to brake horseixiwer... .ft.-lb. 

(58) Frietion and attached auxiliaries horsc]Kiwer (Item .53 -Item .5.5) .tip. 
Economy Eesults 

Fuel consumption per i.hp.-hr., gas (Item 40 Item .53) .. eii. ft. 
Fuel consumption per i.hp-hr., liquid (Item 47 + Item .53) lb. 

(59) Fuel consumption per b.hp-hr.: Gas (Item 40 ^ Item 57) cii. ft. 

Liquid (Item 47 -e Item 57).lb. 

(60) Heat consumed per i.hp-hr.: (Item 48 Item 53).B.t.ii. 

(61) Heat consumed per b.hp-hr. (Item 48 4- Item .57) . . . H.t.ii. 

Efficiency Results 

(02) Thermal efficiency referred to i.hp. (2,517 -t- Item 00) .. [ler cent 

(63) Thermal efficiency referred to b.hp, (2,547 4- Hem 01) . per cent 
Specimen Diagrams 

(64) Sample diagram each working cylinder. . 

Electrical Data 

(65) Average volts each phase .volts 

(66) Average amperes each phase. amp. 

(07) Total electrical output corrected for winding 1, 2 or 3 iihaso kva. 

(68) Power factor.per cent 

(69) Total output in kilowatts.kw. 

(70) Field power.kw. 

(71) Net output in kilowatts .kw. 

(a) Field volts. 

(5) Field amperes. 

Power and Economy 

(72) Electrical horsepower developed (Item 70 4- 0.7457) . 

(73) Fuel consumed per net kw.-hr. Gaseous (Item 40 4- Item 70). cu. ft. 

Liquid (Item 53 4- Item 83).lb. 

(74) Heat consumed per net kw.-hr. (Item 48 4- Item 70).B.t.u. 


Table 2.—Data and Results of Internal Combustion Engine Test 
AT Vaeiable Torque and Speed 

General Information 

(1) Date of test. 

(2) Location. 
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(3) Owner. 

(4) Builder. 

(6) Teat conducted by. 

(0) Object of test. 


DEscmi'TioN, Dimensions, etc. 

(7) Type of engine, carburetor or oil, single- or double-acting, if four¬ 

cycle, tlio valve arrangement 'V-, or I-hcad, if two-cycle the type of 
scavenging, if single-acting, whether croaahoad or trunk piston, if multi¬ 
cylinder, the cylinder and crank arrangement and if radial cylinders whether 
cylinders are fixed or rotate, and, means of fuel utilization by class name, 
such as Hvid, Diesel, or solid injection for example. 

(8) Class of service, aircraft, automobile, truck, tractor, railroad or marine, 
for gear, electric or direct-propeller drive, single direction or reversing.. . 

(9) Auxiliaries, attached and independent, kind, maker’s name, capacity, 

etc. 

00) Rated horsepower and speed, if any, or speed at maximum torque 

(11) Bore and stroke of all working cylinders . 

(12) Weight of engine complete. 

Run Numbbr 

1 2 3 

(13) Brake horsepower.b.hp. 

(14) Speed.r.p.ni. 

(15) Total fuel.II). 

(16) Time of run. hr. 

(17) Fuel per hour... II). 

(18) Fuel per hour per b.hp.lb. 

(19) Heating value of fuel ...H.t.u. lb. 

(20) Heat consumed per hour (Item 

17 X Item 19). B.t.u. 

(21) Heat consumed per hour, per b.hp. 

(Item 20 + Item 13).B.t.u. 

(22) Thermal efficiency (2,547 -{r Item 21).per cent 

(23) Mean effective pressure equivalent 

to brake horsepower.lb. sq. ui. . 

(24) Torque at one foot radius equiva¬ 
lent to brake horsepower.ft.-lb. 

(25) Fig. 1 Curve of r.p.m. plotted 

horizontal against vertical. 

(o) Brake horsepower. Item 13.. . • • . • 

(5) Fuel per hour (Item 17). . 

(c) Fuel per hour per b.hp. (Item 18) ... . . 

(d) Thermal efficiency (Item 22). . 

(e) Brake mean effective pressure (Item 23) . 

(/) Torque (Item 24). . 






















CHAPTER XXIV 


MARINE RULES 

General. —It has been thought advisaiile to acid the rules 
issued by Lloyd's and the Bureau of Coininercc. 

Lloyd's Rules 

Section 1. —In vessels propelleci by Diesel-Oil Knuincs, the Rules as regards 
machinery will be the same as those relating to stcair) engines, as far ns 
regards the testing of material used in their construction and tlic fitting of 
sea connections, discharge pipes, shafting, stern tubes, and propellers 

CoNSTRUCTIO>C 

Section 2. —In vessels built under Special Survey and fitted with Diesel 
Engines, the engines must also be constructed umler Special Survey. 

2. In cases of Diesel Engines being built under Special Survey, the 
distinguishing mark will be noted in Red, thus: ^LMC or >I<NE. 

3. In order to facilitate inspection, the plans of the macliinery are to be 
examined by the Surveyors, and the dimensions of the shafts are to be 
submitted for approval. 

4. The Surveyors are to examine the materials and workmanship from 
the commencement of the w'ork until the final test of the machinery under 
full working conditions; any defects are to bo pointed out as early as possible. 

5. Any novelty in the construction of the machinery is to be reported to 
the Committee and submitted for approval. 

6. The auxiliary engines used for air compressing, working dynamos 
and ballast, or other, pumps, are also to be surveyed during construction. 

7. In cases where the designed maximum pressure in the cylinders 
does not exceed 500 lb. per square inch, the diameters of the crankshaft 
of the main engines are not to be less than those given by the following 
formula: 

Diameter of 1 3/^ .... 

crankshaft! = + 

where D = diameter of cylinder, 

S = length of stroke, 

L *= span of bearings adjacent to crank, measured from inner edge 
to inner edge. 

The value of (AS + BL) are as given in the following table: 

573 
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Four-cycle UD^Ie ectiriK 
engmo, cylinders 

4 or C 
8 

10 or 12 
10 


Table I 

Two-cycle single acting 
engine, cylinders 

2 or 3 
4 

T) or 0 
8 


V'alues of the 
coeflicicnts 


0 089S + 0.050L 
O.nOOS + 0.054L 
0 lllS +0.052L 
0 lOlS + 0 050L 


J'or auxiliary eiiKines of the Diesel Type the ihaiiieters of the criink.shaft.s 
may be 5 per cent less than given by the foregoing formula. 

8. In solid forged shaft.s the brc.adth of the webs should be not less 
than 1.33 times and the thickness not less than 0.50 times the diameter 
of the shaft os found above, or, if these proportions are departed from 
the webs must be of equivalent strength. 

9. The diameter of the intermediate shaft must not be loss than that given 
by the formula: 

where D = the diameter of cylinder, 

S = the stroke of piston, 

C is a coefficient found from the following table by intcriiolation 
from the values found for A. 

Where the stroke is not less th.an 1.2 times, nor more than l.G times 
the diameter of the cylinder, (0.735D + 0.273S) 
may be taken instead of X S. 

Table II 
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In using the above table the appropriate value of A is found from 
A X W X d» X R> - D« X S 
where D = diameter of cylinder in inches, 

S = stroke of piston in inches, 
d = diameter of flywheel in feet, 

R = revolutions of engines per minute, 

W = total weight of flywheel in tons. 

10. The diameter of the flyw'hcel shaft must be at lejist equal to that 
of the crank shaft. 

11. Where ordinary deep collars are used the diameter of the thnist 
shaft measured under the collars must be at least 21/20th8 that of the 
intermediate shaft. The diameter may be tapered off at each end to the 
same size as that of the intermediate shaft. 

12. The diameter of the screw shaft must be not less than the diameter of 

the intermediate shaft (found as above) multiplied by ^0.63 

luit in no case must it be less than 1.077, 
where P — the diameter of the propeller in iiiclios, 

T = the diameter of intermediate shaft in indies. 

The size of the screw shaft is intended to apply to shafts fitted with 
contiruious liners the whole length of the stern tube, as provided for in 
Section 11, paragraph 3, of the Kules for Engines and Ikulcrs for Steam 
Vessels. If no liners arc used, or if two separate liners are used, the diameter 
of the screw shaft should be 21/20th8 that given alnive. 

The diameter of the screw shaft is to bo tapered off at the forward end to 
the size of the thrust shaft. 

13. If the designed maximum pressure in tlie cylinders exceeds 500 11). per 

siiuarc inch, the diameters of the shafting throughout must be increased 

. - ®/Maxim. press, in lbs. per sq. UK 

111 tlic proportion of \ * ^ ’ 

11. Where the cylinder liners arc made of hard close-grained cast iron 
of plain cylindrical form, accurately turned on the outside as well as Ixircd 
on the inside so that their soundness can be ascertained by inspection, and 
their thickness at the upper part is not less than of the diameter of 
the cylinder, they need not be hydraulically tested by internal pressure. 
If, however, they arc made of complicated form, the question of testing 
must be submitted. 

15. The water jackets of the cylinders, and tlie water passages of tlie 
cylinder covers and jiistons, must be tested by hydraulic pressure to 30 lb. 
per square inch, and must be perfectly tight at that pressure. 

16. The exhaust pipes and silencers must be water-cooled or lagged 
by non-conducting material, where risk of damage by heat is likely to 
occur. 

17. The cylinders arc to be fitted with safety valves loaded to not more 
than 40 per cent above the designed maximum pressure in the cylinders 
and discharging where no damage can occur. 

18. The air compressors and their coolers arc to be so made as to be easy 
of access for overhaul and adjustment. 
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19. Where the fuel is injected into the cylinders by air pressure, the follow¬ 
ing conditions are to l)e observed: 

In single screw vessels, an auxiliary air compressor is to be provided 
of sufficient power to enable the main engines to be kept continuously 
at work when the main compressor is out of action. 

If the maneuvering gear is arranged so that the engines can be kept 
continuously at work witli some of the cylinders out of action, the aux¬ 
iliary compressor need only be of sufficient power to enable the engines to 
1)0 kept at work under these conditions. 

In twin screw vessels in which two sets of compressors are fitted, the 
auxiliary compressor must be of such size as to enable it to take the place 
of either of the main compressors. If in .such engines each main compressor 
is sufficiently large to supply Iwth engines, a smaller auxiliary compressor 
will be sufficient. 

20. A small auxiliary compressor, worked l)y a steam engine, or by an 
oil engine not reciuinng compressed air, is to be fitted for first charging the 
air receivers. 

21. At least one high pressure air receiver is to be arranged with connec¬ 
tions to enable it to bo used for fuel injection, in case the working receiver of 
either main engine is out of use from any cause. 

22. The circulating pump sea suction is to be provided with an efficient 
strainer which can be cleared inside the vessel, 

23. In all vessels fitted with engines in which the lubricating oil is cir¬ 
culated under pressure a spare oil pump is to be supplied with all connections 
ready for imme<liate use, and two independent means are to be arranged 
for circulating water through the oil cooler. 

Am Receivers and Pipe.s 

Section 3.—(1) Compressed air receivers for starting air are to be supplied 
of sufficient capacity to permit of twelve consecutive startings of the engines 
without replenishment. 

2. Cylindrical receivers for containing air under high pressure, used 
either for starting or for the injection of fuel in oil engines, may be made 
either of seamless steel or of welded, or riveted, steel plates. 

3. Quality of Metal.—If made of welded, or riveted, steel plates, the 
ordinary rules regarding steel material for boilers apply, which provide 
that where welding is employed, either in the longitudinal seams or at 
the ends, the material must have a tensile strength not exceeding 30 tons 
per square inch (Section 33, Par. 7, Rules for Engines and Boilers). In 
these cases the welding must he lap welding; neither oxy-acetylenc nor 
electric welding will be permitted. 

4. In the case of seamless receivers, the rules for material will be the same 
as for boiler shells, but the permissible extension may be 2 per cent less than 
that required with boiler plates. 

6. Tensile and bend tests arc to be made from the material of each 
receiver. When they are welded or riveted, the tests may be made, and 
the thicknesses verified before the plates are bent into cylindrical form. 
In the cases of seamless receivers, the thicknesses must be verified by the 
Surveyor before the ends are closed in, and at this time the Surveyor shall 
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select and mark the test pieces roiniirod from either of the open ends of the 
tube. The tost pieces are to l>e annealed ladore test, so as to properly 
represent the finislied inatenul. 

6. dhe porinissiblo working pir^sjire for wi'hhal or seamless receivers 
is to be detiTinined liy tlie follo\MnK formula 
Maximum working pressuie m pound jier s(|uare imdi 

C XSX (T --'J) 

D 

for thicknesses of I's “'• abovi', 

^ C X S X (T -- 1) 

D 


for thicknesses below ni., 

where S --- Minimum tensile stn ngth of the .steel material used, in 
T = d'hickness of the material, m si\t<‘(Miths of an inch. 

D = Internal diameter of cylinder, in inches, 

C - C'oenicient as per following table 
('oeflicient — 

77 for si'amh“^s r('C(!iv<‘is of thu'kness of 'x m. and above, 
(it) for s('amless rocei\ors of thickness below •’’ji m. 

51 for welded reecivcis of thickness of m. and alsjve. 
■IS for welded re<'eivers of (hickiK'.ss lielow 

7. For flat ends welded into the eyhndrical sliells, the thickness must not 
be less than 


-x,yp 


where T = thickness, in sixteenths of an iiicli, 

D -- internal diamofor, m inches, 

P — working pressure, in pound per sipian* incli. 

8. Tlio permi.ssihle working pressure for receivers made of riveted steel 
plates is to be deteimined by the iiiles regulating the working pressure of 
lioilers. 

9. Each wehhal or seamli'ss receiver shall be eaiefiilly anmaded after 
manufacture, and before the hvalraulie test. 

10. Each welded or seamless receiver shall be subjected to a hydraulic 
test of twice the working pressure, whicli it shall withstaml without per¬ 
manent set. 

11. Each receiver made of riveted steel jilates for pressures up to d(M) lb. 
per square inch is to be tested by hydraulic pressure 1 ‘ ■> times the working 
pressure, plus 50 lb. per sipiaro inch. Where liigher working pressures am 
used, the test pressure need not be more than 200 lb. per .sijuarc inch above 
the working pre.ssure. 

12. All receivers alxivo 0 in. inteimd diameliT mu.st be so mad<^ that 
the internal surfaces may be examined, and, wlnTcver practicable, the 
openings for this purpose should be sufficiently large for access. Means 
must be provided for cleaning the inner surfaces by nteain, or otherwise. 

13. Each receiver which can be isolated must have a .safety valve fitted, 
adjusted to the maximum working pre.ssure. If, however, the air compressor 
js fitted with a safety valve so arranged and adjusted that no greater pressure 

37 
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than that permitted can be admitted to the receivers, they need not be fitted 
with safety valves. 

14. Each receiver must be fitted with a drain arrangement at its lowest 
part, permitting oil and condensed water to be blown out. 

15. Oil or air pipes subjected to high pressure are to comply with the 
Rules for steam pipes. Section 13, Clauses 7 and 16 (Rules for Engines and 
Boilers of Steam Vessels). 

Pipes which are subjected to a working pressure up to 1,000 lb. per 
square inch must be tested hyraulically to at least twice the working pressure 
to which they will be subjected, and those subjected to a higher working 
pressure than 1,000 lb. per square inch to an hydraulic test of at least 
1,000 lb. per square incli alxjve their working pressure. 

PuMPiNQ Abhanqements 

Section 4.—The pumping arrangements are to be the same as would 
l)e required for steam vessels of similar size and power, with the exception 
tliat no l)ilge suction need be fitted to tlie main engine circulating pumj). 
In tile cases of vessels fitted with water ballast, the water ballast i)ump must 
have, in addition, one direct suction from the engine room bilges. 

Genekal 

Section 6.—(1) All oil fuel pipes, tanks and their fittings must comply 
with the requirements of Section 49 (Rules for Steel Shijrs). 

2. Special attention must be given to the ventilation of the engine room. 

3. If the auxiliaries are worked by electricity, the cables in connection 
with them must be in accordance with the rules for electric fittings. 

Spare Gear 

Section 6.—The articles mentioned in the following list will be required 
to be carried, viz.: 

1 cylinder cover conqiletc for the main engines, with all valves, valve 
seats, springs, etc., fitted to it. 

In addition, one complete set of valves, valve scats, springs, etc., for one 
cylinder of the main and of the auxiliary Diesel engines, and fuel needle 
valves for half the number of cylinders of each engine. 

1 piston complete, with all piston rings, studs, and nuts for the main 
engines. 

In addition, one set of piston rings for one piston of the main and of the 
auxiliary Diesel engines. 

1 complete set of main skew wheels for one main engine. 

2 connecting rod, or piston-rod, top-end bolts and nuts, both for the main 
and for the auxiliary Diesel engines. 

2 connecting-rodjbottom end bolts and nuts, both for the main and for 
the auxiliary Diesel engines. 

2 main bearing bolts and nuts, both for the main and for the auxiliary 
Diesel engines. 

} set of coupling bolts for the crankshaft. 

1 set of coupling bolts for the intermediate shaft. 
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1 complete set of piston rings for each piston of the main and of the 
auxiliary compressors. 

1 half set of valves for the main and for the auxiliary coinpreasors. 

1 fuel pump complete for the main engine, or a complete act of all the 
working parts. 

1 fuel pump for the auxiliary Diesel engine, or a complete set of all working 
parts. 

1 set of valves for the daily fuel supply pump. 

1 set of valves for the water circulating pumps. 

1 set of valves for one bilge pump. 

1 set of valves for the scavenge pump, whore lift valves are used. 

1 set of valves for the lubricating oil pump. 

1 bucket and rod for the lubricating oil pump. 

A quantity of assorted bolts and nuts, including one set of cylinder cover 
studs and nuts. 

Lengths of pipes suitable for the fuel delivery and the blast pipes to tlie 
cylinders, and the air delivery from the compressors to the receivers, with 
unions and flanges suitable for each. 


Peuiodical .SunvBYS 

Section 7.—(1) The engines arc to be sul)mittcd to survey annually, 
and in addition are to bo submitted to a S|)ecial Survey upon the occasion 
of the vessels undergoing the Special Periodical Surveys Nos. 1, 2, and 3 
prescribed in the Rules, unless tlie machinery lui.s been specially surveyed 
within a period of twelve months, in which case the Annual Survey will bo 
sufficient. The boilers, if fitted, arc to be subjected to the same surveys 
as required by Section 37 of the Rules for Engines and Roilers of Steam 
Vessels. 

2. Special Surveys.—At these special surveys, tlic main engines an<l 
the auxiliary engines arc to be examined throughout, viz.:—All the cylinders, 
pistons, valves and valve gears, connecting rods and guides, pumps, crank, 
intermediate, and tlirust shafts, propellers, stern bushes sea connections 
and their fastenings, arc to be examined. The air compressors arc also to 
be examined. The air receivers are to be cleaned and examined and, if 
necessary, tested, as provided for in paragraph 3 of this Section. 

3. Annual Surveys.—The whole of the parts of the engines which the 
engineers of the vessel open up for adjustment and overhaul should be 
examined and reported upon. The Survey must include, for each main 
engine, the examination of at least 2 pistons, 2 cylinder covers and their 
valves, 2 connecting rods and their brasses, both top and bottom ends. 
2 of the main bearings and crank shaft journals, and 1 of the tunnel bearings. 
If these are all satisfactory, their condition may be taken as representing 
that of the other similar parts. 

In the auxiliary Diesel engines, a similar course must be adopted, but in 
this case one of each of the parts mentioned of each engine will l)e sufficient, 
if found to be satisfactory. 

The valve gears of all the Diesel engines should be examined, as far as 
practicable, without complete dismantling. 
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The air receivers must be examined internally if possible, and, together 
with the air pipes from the compressors, must be cleaned internally by means 
of steam, or otherwise. If the air receivers cannot be examined internally 
they must be tested by hydraulic pressure to twice the working pressure at 
each alternate Annual Survey, attention being specially given to the welding 
of the ends and of the longitudinal joints. 

The pumps and air compressors must be examined and tried under work¬ 
ing conditions. If found to be satisfactory, they need not be dismantled. 

The manoeuvering of the engines must be tested under working conditions. 

If the examination reveals any defects, the Surveyor should recommend 
such further opening up as he may consider to be necessary. 

4 . Record of Survey.—If the various parts mentioned in paragraphs 
2 or 3 arc all found to be in a satisfactory condition and the Surveyor 
finds that the machinery generally is in good order, he should recommend 
the vessel to have a fresh record of LMC. 

{. Survey of Screw Shafts.—The screw shaft is to be examined annually 
and drawn at intervals as provided for in Section 37, Clause 3 (Rules for 
Engines and Boilers of Steam Vessels). 


Extracts from Rules of American Bureau of Shipping 

JO. General.—The following requirements apply to all oil engines for 
propelling and auxiliary purposes. All machinery parts subject to stresses 
are to be of sound material and t he fits and clearances in accordance with the 
best marine practice. The passages for cooling water and lubricating oil 
must be carefully cleaned of sand and scale. The main bearings and the 
reciprocating parts should be readily accessible and lifting eyes or gear are 
to be fitted m way of main bearings and cylinder covers. The nuts of main 
bearing and connecting-rod liolts are to bo secured l)y split pins or other 
efficient means. 

Hand or power turning gear shall be provided for all oil engines. The 
engines for propelling the vessel are to be fitted with a governor or other 
efficient means to prevent the speeding of the engines to more than 15 per 
cent above the designed number of revolutions; propelling engines over 
300 B.H.P. should be direct reversible. Closed crankcase engines should 
have suitable provisions to prevent the accumulation of gas in the crankcase. 

21. Bedplate.—The bedplate or crankcase is to be of rigid construction, 
oil tight, and to be provided with a sufficient number of bolts to secure the 
same to the ship’s structure. The structural arrangement for supporting 
and securing the main engines are to be submitted for approval. 

32. Cylinders.—Cylinders, liners, cylinder covers, pistons and other 
castings subject to high temperatures or pressures are to be made of the best 
grade of cast iron or equally satisfactory material. Castings must be free 
from defects affecting their strength. 

Cylinders using a compression pressure of over 400 lb. per square inch 
are to be fitted with relief valves set to not more than 1 H times the maxi¬ 
mum working pressure, and the valve discharge should lead beyond a 
point of danger to life or vessel. 
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23. Crankshafts. —The minimum diameter of the crankshaft is to be 
determined by the following formula: 


d 



d » Diameter of shaft in inches. 
i> “ Diameter of cylinder in indies. 

P » Initial working pressure in lb. j)cr square inch. 

L « Fore and aft length of crank over webs plus I (inch). 
a = P'actor from table below. 

*S' * Stroke of piston in inches. 
t = Thickness of crankweb in line with axis of shaft. 

%o * Width of crankweb perpendicular to axis of shaft. 

/ == 7,500 for (Iradc 1 forgings, Section 40-11. 

/ “ 8,000 for Grade 2 forgings, Section 40-11. 

/ = 6,500 for ca.st steel made in accordance with Sect. 40, Par. 8. 

The value of P given by tlic builders must be verified by the Surveyor 
from indicator cards during the full power trial of the engine. A set of full 
power indicator cards of the mam engines is to accompany the Classification 
Keport. 

Subsequent adjustments for the purpose of obtaining higher initial 
pressures are not permitted without tlio spe(ual approval of the (k)mmittee. 


Values of “a” fou Aih-injection Diesel K.vgines 



Values op “o” for PvXplo.sive-combustion P.ngi.ves 


Number of cylinders 




S/Ij ratios 




1 

4 cycle 

2 cycle 

! 0-7 

0 8 

' 0 9 

i I 0 

1 

1 ^ ^ 


1 ^ ^ 

1 ^ '* 

1-2-4 

1-2 

1 17 

1.17 

] 17 

1.17 

i 

1.17 

1 17 

1.17 

1.17 

3-5-6 

3 

1.17 

1.17 

1 17 

1.17 

1.19 

1.20 

1.22 

1.24 

8 

4 

1.17 

1.19 

1.21 

1.23 

1.25 

1.28 

1.30 

1.32 

10-12 

5-6 

1.18 

1 20 

1.23 

: 1.25 

1 

1.28 

1.31 

1.33 

1.35 
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Note. —The above constants are to be used in cases where a bearing 
adjoins each side of each crank and where single impulses occur at equal 
intervals. In cases of departure from these conditions and for designs not 
properly coming under the two groups above, data must be submitted tor 
the determination of shaft dimensions. 

The dimensions of the crankwebs of solid shafts are to be such that wt* 
is not less than OAd’ and w't not less than d'; tor built-up crankshafts 
it is to be not less than 0.66d and w not less than 1.9 diameters of the hole in 
the webs. These proportioned dimensions are based on the use of the same 
grade of material for both shaft and webs and should be modified in accor¬ 
dance with th(j difference in the grade of the materials. 

The webs are to be shrunk or forced onto the shaft and are to be fitted 
with dowels or keys of ample proportions to transmit at least 60 per cent of 
the torque. It is strongly recommended that the radius of the fillets in way 
of main bearings and the crank pins of solid shafts be not lees than O.OSd. 
The shearing stress in the coupling bolts should not exceed the torsional 
stress in the shafting. 

24. Intermediate' Shafts.—The diameter of the intermediate shafts is 
to be determined by the following formula; 



Values of “b" 


Air-mjection Dienel engines, Explosive combustion engines, 

number of cylinders Number of cylinders 


Four-cycle ; 

Two-cycio j 

b 

i 1 

Four-cycle 

Two-cycle 

b 

1 

1-2-3-4-C 

1-2-3 

0.97 

1-2-3-4 

1-2 

0.87 

8 

i 4 

1.00 

5-0 

3 

0.94 

12 

i 8 

1.04 

8 

4 

1.00 

16 

! 8 

1.10 

10 12 

.T-C) 

1 05 


1 12 1 

' 1 

1 20 

1 


8 

1.10 


Shafting tor Auxiliary or indirect-drive engines may be 5 per cent less 
in diameter than reuuirod by the above formulae. 


26. Thrustshafts.—To be 5 per cent larger in diameter than the inter¬ 
mediate shafts. 

26. Propeller Shafts.—To be the diameter of the thrust shafts multiplied 
by the value of C in the table for Propeller Shafts in Sec. 34, Par. 3. The 
ratio in this case being that of the diameter of the Propeller to the 
diameter of the thrust shaft. 

27. Trial.—Before final acceptance all engines must demonstrate by a 
running test their ability to perform satisfactorily the work for which they 
are intended. 

28. Recommendation.—In order to minimize operating troubles it is 
recommended that a system of periodical inspection, cleaning, replacement 
and adjustments of essential engine parts be followed by the ship’s engineers. 
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Engine Auxiliaries 

29. General.—The following auxiliaries are intended to cover the mini¬ 
mum requirements for seagoing vessels of average power and sliould be 
increased for ships of large power but may be modified for River and Harbor 
Ih>ats and for sailing vessels fitted with auxiliary engines. Propelling 
engines of a type and design not requiring certain auxiliaries noted below 
are to be provided with the necessary auxiliaries or connections in duplicate. 
(8ee also par. 13.) 

Pressure gauges, thermometers and relief valves are to bo fittc<l w’hero 
required. 

30. Fuel Oil Transfer Pumps.—One attached pump for each engine and 
one independent pump, or two independent pumps. 

31. Compressors for Injection Air. Single Screw. —One attached or one 
independent compressor of maximum capacity, and one independent 
compressor of 6G per cent capacity. 

Twin Screw. —(a) One attached or one independent compressor per engine 
of maximum capacity, and one independent compressor of fiO per cent 
capacity for one engine. 

(6) One independent compressor of maximum capacity for Inith engines 
and one compressor of 00per cent capacity for Inith engines. 

(o) One attached compressor for each engine, capable and arrange<l to 
supply both engines for maximum requirements and one starting air com¬ 
pressor of adequate size. 

Note. —The capacities noted above refer to the maximum requirements 
at any speed. 

32. Emergency Air Compressors.—One power operated compressor not 
requiring air for starting; capacity depending on size of propelling units. 

33. Scavenging Pumps.—One or more attached pumps for each engine 
or one independent pump. Crankpit scavenging will be approved for 
explosive combustion engines. 

34. Main Lubricating Oil Pumps.—One attache<l pump for each engine 
and one independent pump, or two independent pumps; each of a capacity 
for maximum requirements. Not required in cases of general multi-feed 
lubrication. 

35. Water Cooling Pumps.—One attached pump for each engine and one 
independent pump, or two independent pumps; each of a capacity for maxi¬ 
mum requirements. 

36. Note.—Independent pumps denote pumps driven independently of 
the propelling engines. Attached pumps denote pumps driven by the 
propelling engines. 

Engine Piping 

37. Fuel Oil Transfer System. — The piping arrangements for the carriage 
of fuel oil are to be in accordance with the requirements of Section 31. 

The service tanks are to be located sufficiently high to permit gravity 
flow to the service pump suctions and shall be fitted with air vents leading 
to the atmosphere, drain cocks and a well-protected oil gauge with valves 
on both ends. Tanks are to be placed in drip pans provided with a drain 
to the oil drain well. 
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The pumpa used for the transfer of oil are not to be used for bilge and 
ballast purposes; the suction pipe is to be fitted with an efficient strainer. 

38. Fuel Oil Injection System. —The suction to the fuel oil injection 
pumps is to be fitted with a Duplex Strainer and cut-out valves are to be 
located at the service tanks operated from the engine room floor. The 
piping in the discharge line should be of seamless drawn steel and the fittings 
of extra heavy steel; means should be provided to discontinue the fuel supply 
to each individual cylinder. The joints in the pipe lines should be metal to 
metal or have metal gaskets; ample provision is to be made for expansion. 
Individual injection pumps for each cylinder are recommended. Overflows 
and drip pans are to have drain pipes leading to the oil drain well. 

39. Starting Arrangement. —The efficiency and the capacity of the start¬ 
ing arrangement as required in Par. 49 is to he demonstrated to the .Surveyor 
in attendance. 

On vessels fitted with Surface Ignition Engines all reasonable safeguards 
must bo provided to prevent fires. 

40. Scavenging System. — The air supply is to be adequate for all speeds 
and the flow of the air should be regulated to insure uniform supply. The 
suction and discharge valves of scavenging pumps shall be readily accessible 
for examination and repair. Provision should be made to take care of 
excessive pressure by means of relief valves or breaking plates. 

41. Injection Air System. —The discharge lines of each stage of the air 
compressors are to be fitted with air coolers and relief valves of ample 
proportions. The temperature of tlie air discharge from each cooler should 
not exceed 150 deg. 

A stop valve is to be fitted in the branch line to each cylinder so located 
that the engine may be operated with one or more cylinders cut off. The 
pipe lines may be made either of seamless steel or seamless copper and should 
be fitted with drains. 

The installation of oil separators is strongly recommended. 

42. Lubricating Oil System. —The lubrication of main bearings, crank- 
pins, crosshead or wrist pins should be by means of pump pressure or by 
gravity. The pistons of the engines, compressors and scavenging pumps 
should be lubricated by individual pumps, adjustable to the particular 
requirements. 

Extreme care must be taken to prevent the contamination of the oil 
supply by sea water, escaping oil gases or carbon. The oil drawn from 
the crank pit or sump must run through a duplex strainer, readily accessible 
for cleaning. The installation of oil filters or separators is recommended. 

The tanks for the storage of lubricating oil must not form part of the ship's 
structure. 

The flashpoint of the lubricating oil should in no case be below 350 deg. E. 
In order to insure the continued safe operation of the engines, only the beat 
quality of lubricants should be used. 

43. Cooling-water System.—The cooling-water pumps are to have at least 
one high and one low sea suction; the suction line is to be fitted with duplex 
strainers. For any emergency connection from the fire main the cooling- 
water shoud be led through the duplex strainer. Means should be provided 
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Engine Auxiliaries 

29. General.—The following auxiliaries are intended to cover the mini¬ 
mum requirements for seagoing vessels of average power and sliould be 
increased for ships of large power but may be modified for River and Harbor 
Ih>ats and for sailing vessels fitted with auxiliary engines. Propelling 
engines of a type and design not requiring certain auxiliaries noted below 
are to be provided with the necessary auxiliaries or connections in duplicate. 
(8ee also par. 13.) 

Pressure gauges, thermometers and relief valves are to bo fittc<l w’hero 
required. 

30. Fuel Oil Transfer Pumps.—One attached pump for each engine and 
one independent pump, or two independent pumps. 

31. Compressors for Injection Air. Single Screw. —One attached or one 
independent compressor of maximum capacity, and one independent 
compressor of 6G per cent capacity. 

Twin Screw. —(a) One attached or one independent compressor per engine 
of maximum capacity, and one independent compressor of fiO per cent 
capacity for one engine. 

(6) One independent compressor of maximum capacity for Inith engines 
and one compressor of 00per cent capacity for Inith engines. 

(o) One attached compressor for each engine, capable and arrange<l to 
supply both engines for maximum requirements and one starting air com¬ 
pressor of adequate size. 

Note. —The capacities noted above refer to the maximum requirements 
at any speed. 

32. Emergency Air Compressors.—One power operated compressor not 
requiring air for starting; capacity depending on size of propelling units. 

33. Scavenging Pumps.—One or more attached pumps for each engine 
or one independent pump. Crankpit scavenging will be approved for 
explosive combustion engines. 

34. Main Lubricating Oil Pumps.—One attache<l pump for each engine 
and one independent pump, or two independent pumps; each of a capacity 
for maximum requirements. Not required in cases of general multi-feed 
lubrication. 

35. Water Cooling Pumps.—One attached pump for each engine and one 
independent pump, or two independent pumps; each of a capacity for maxi¬ 
mum requirements. 

36. Note.—Independent pumps denote pumps driven independently of 
the propelling engines. Attached pumps denote pumps driven by the 
propelling engines. 

Engine Piping 

37. Fuel Oil Transfer System. — The piping arrangements for the carriage 
of fuel oil are to be in accordance with the requirements of Section 31. 

The service tanks are to be located sufficiently high to permit gravity 
flow to the service pump suctions and shall be fitted with air vents leading 
to the atmosphere, drain cocks and a well-protected oil gauge with valves 
on both ends. Tanks are to be placed in drip pans provided with a drain 
to the oil drain well. 
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Ackoyd, iloriKsi)}'-, Oil Knuino, 14, 
IS 

Adjustable shaft hearing, 202 
Adjustment of sliaft bearing?, 201 
Admission valves, 22S 
cleaning, 21)2 
grinding, 2<)2 
leaky, 20S 

Admission valves, Ivjies, AIlis- 
('halmel^, 252 
American, 220 
liuseh-SulziT t .\|)0 A, 229 
B, 255 

De La Vergne, 255 
Fulton, 2 to 
Lombard, 239 . 

McEwen, 24s 

McIntosh Seymour ly]»e A, 250 
Ik 255 

National Transit, 24!) 

New London, 25S 
Snow, 211 
AVinton, 40 
Worthington, 215 

Air compii'ssors (see ('o^iiprr.ssoi.-.), 
305 

Air injection pressure, 512 
Airless injection engines (see Solid 
injection cnyineti), 548 
Air, moisture in, 389 
pressure, 387 
receivers, 389, 570 
Alignment of lamnecting rod, 191 
bearings, 191 
of mam bearing, 90, 211 
of out!)oard bearing, 110 
Aliis-Chalmcrs Diesel, 39 
admission valve, 252 
bearing, mam, 200 
compressor, 377 


Allis-('iialmers Diesel, connecting 
rod. ISO 

costs m flour null with, S7 
c\ liiider, 115 
head, 1 15 
evliaust val\ e, 252 
fuel piim|), 

\alve, 2!)2 
goveiimr, 55S 
indicator diagram <»f. 519 
piston, 101 
valve timing, 292 
\mencan Dies(4, 51 51 
a<lmis.sinn v.d\ 250 
cam clearanci', 251 
lauiiK'cLing lod, !S5 ISO 
c\Imder, 151 
head, 151 

exhaust valve, 228 
fuel cotisumplinn, 7 ( 
pump, 521 
v.'dve, 275 
liming, 277 
goviTiinr, 552 
pi.sLon, 15!) 

pro<{uetion costs witli, 78 
valve liming, 252, 277 
Ash, 181 
in fuel oil, 150 

Allius-Lyons Brons eiigim*. 402 
Diesel, 11 
Auxiliaries, 585 

B 

Barber's producer ga.s engine, 9 
Bearings, adjustable, 202, 207 
adjustment of, 204 
alignment of, 00, 211 
outboard, UO 
babbitting, 193 
boring, 218 
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BearingH, cleanincc ni, 215, 221 
iTankpin, 191 
crosslioad pin, 198 
hot, 219 

inspoctiot) of, 213 
prossurcH on, 222 
rchahbitting, 210 
refitting, 215 
aiiaft, 202 

a(]jiistnl)l(', 202, 207 
adjustment of, 204 
alignment of, 91), 211 
shaft, typos, Alljs-Chalmors, 200 
Busch-Sulzer type B, 209 
Cramp’s, 211 
Dow, 210 
Fulton, 210 
Lombaid, 211 
McKwcn, 207 

McIntosh A Seymour type A, 
209 

McIntosh Seymour 1\pe 13, 
209 

McIntosh k Seymour Marim*, 
209 

National Transit. 205 
New London, 211 
Nordberg, 211 
Otto, 20S 
Snow, 200 
two-pieco, 20S 
Winton, 211 
Worthington, 211 
wear, 214, 227 
withdrawing, 220 
Beau de Hochus engine, 11 
Beaume gravity, 425 , 

Bethlelicm marine Diesel, 59 
Bolts, crank bearing, 190 
elongation of, 200 
Brayton’s oil engine, 13 
Brons oil engine, 400 
care of, 469' 
fuel consumption, 470 
modern, 402 
types, Dodge, 405 
Hercules, 468 
Jones, 468 
Lyons-Atlas, 402 


Brons oil migine, types, Petroleum, 
468 

Sears Roebuck, 468 
St Mary’s, 462 
Building, plant, 115 
Burning point of oil, 427 
Buseh-Sulzer tvpe A Diesel (see 
Aniencjin Dirfid), 31 
Rusch^Sulzer type 13 Diesel, 34 
admission valve, 233 
bearing, mam, 209 
cam clearance, 235 
camshaft, 235 
compressor, 
connecting rod, !SS 
cylinder, 130 
head, 137 
exhaust valve, 233 
frame, 121 

fu(“l consum|)tion, OS, 7 1 
pump, 322 
valve, 270 
governor, 355 
o[)erating result72, 73 
piston, ICO 
timing, 231 
valve timing. 231 
Busch-Siilzer type (' IOk'scI, 52, 55 
bearings, 200 
compressor, 309 
scavenging, 309 
connecting rod, 191 
cylinder, 137 
head, 139 
frame, 12t 
fuel pump, 325 
valve, 284 
governor, 355 
piston, 107 

pump, scavenging. 309 
scavenging system, 309 

C 

Cam clearance, American Diesel, 231 
Busch-Sulzer, 234 
Fulton, 240 
Lombard, 240 
McEwen, 249 
McIntosh & Seymour, 238 



IM)EX 


580 


Cams, worn, 31S 

Cement mill, Diesel ctMs m, S3 
Center lines, establishing. JM), 101 
Centering the shaft, 110 
Classification of Diesels, 20 
Clearance, hearing, 215 
compressor, 38(> 
crankpin, I9<) 
piston, 179 
pin, 100 

.shaft hearing, 215 

Clerk’s t\vo-.stniJve-c\eh* gas 
engine, 13 
Comhustion, 412 
period, 25 

Compression, loss of. 511 
low, 5 12 
stroke, 23 

Coinjiressor, air, 305 
l)Uilt-in, 307 
capacity of, 387 
clearance, 380 
independent, 300 
intiTcooIcrs of, 380, 3HS 
lubrication, 380 
pressure ratio of, 388 
pressures in, 387 
.stages, 300 
suction, 3S0 
Compressor valves, 383 
wear, 383 

Cornprc.s.sors, types, 

Alhs-Chalmcrs, 377 
Btisch-Siilzor type H, 3()8 
C, 309 

Cramp’s, 383 
Fulton, 382 
McEwen, 373 

McIntosh k Seymour typo R, 371 
National Transit, 372 
New London, 383 
Nordberg E. G. 371 
Nordberg F D 378 
Nordberg V E. 38 
Snow horizontal, 373 
vertical, 373 

Standard horizontal, 375 
vertical, 376 
Worthington, 373 


Concrete oil tanks, 130 
Connecting rod alignment, 191 
lioarirrgs, 191 
alignment, 191 
babl)itting, 193 
bolts, 199 

annealing of, 291 
elongation of, 209 
pm elearanee, 190 
rrmoving 197 
side thril.st of, 181 
types. 185 

Ailis-Ehalmcrs, 180 
AuKTic.'iii. 185 
Husch-Sul/ri t\ pe B, 188 
188 

Do b;i Vergin'. 18‘) 

Dou, 191 
ImiIIoii, 190 
bnmli.ird, 199 
McIntosh <V Sevmoiii, 180 
XalEona! 'rraiisit, 188 
.\<'W London, 189 
Snow hori/onfal. 187 
viTlieal, l8ti 
Standard, 199 
Wiidon, 199 

Cooling of fuel \;il\es, 3]‘J 
of pistons, 71 
systems, 391 
faults of, 390 
l»ipmg, 101 
pumps, 100 
tvpe.s of, 393 
inclosed, 398 
open, 393 
water distiller, 107 
requirements, 392 
tcrnjieratures, 108 
towers, 401 

floats, first, of Diesels, 02 
fuel, 65 
labor, 04 
maintenance, 05 
production, 75 
Cramp’s marine Diesel, 57 
bearings, 211 
compressor, 383 
cylinder, 141 
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Cramp’s marine Diesel, cylinder 
head, 141 
frame, 129 
fuel pump, 336 
valve, 306 
piston, 170 

Crankpm alignment, 194 
bearing bolts, 199 
clearance, 196 
Crankshafts, 222 
firing*order, 222 
flexure of, 226 
fractured, 225 
Lloyd’s rules for, 224, 573 
proportions, 224 
scored, 226 

U. S. inspection rules, 224 
wear of, 227 
welding of, 225 
Crosshead type pistons, 158 
Cycle, Diesel, 20, 500 
cxliaust period of, 26, 500, 510 
expansion stroke of, 26, 500 
suction stroke of, 23, 500, 516 
two-strokc-cyclc vs. four-stroke- 
eyclc Diesel, 88 
Cylinder, cold, 544 
fractured, 153-154, 156 
head, drawing uj) studs, 152 
heads, designs of, 131 
joints, 150 

two- and four-stroke-cycle, 155 
joints, 150 

liner replacement, 150 
lubrieutioii, 443 
systems, 441 
rebonng of, 150 
Allis-Chalmers, 115 
American, 134 
, Busch-Sulzer type H, 137 
C, 139 

Cramp’s, 141 
De La Vergne, 146 
Dow, 141 
Fulton, 143 
horizontal, 144 
IjOmbard, 143 
McEwen, 145 
McIntosh & Seymour, 141 


Cylinder, reboring of, National 
Transit, 146 
New London, 142 
Nordberg, FD, 142 
VE, 142 
Otto, 148 

Snow, vertical, 141 
Standard, 135 
Wmton, 142 
Cylinders, designs, 134 
A!hs-(’halmers, 145 
American, 134 
Buscli-Sulzer type B, 137 
C, 137 

Cramp’s, 141 
De La Vergne, 146 
Dow, 141 
fractured, 118 
Fulton, 142 
lionzuntal, 141 
Lombard, 1 hi 
Mcl'hven, 145 
A-frame, 140 
box-frame, 111 
crosshcad type, 1 11 
National Transit, 116 
New London, 112 
Nordberg, FD, 112 
Vh; 142 
Otto, 148 
scored, 149 
Snow, vertical, 141 
Standard, 134 
Wmton, HI 

D 

De La Vergne Diesel, 41 
admission valve, 255 
bearings, 207 
connecting rod, 189 
cylinder, 146 
head, 146 
exhaust valve, 255 
fuel pump, 336 

Do La Vergne solid-injection oil 
engine, 490 
Deutz engine, 488 
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Diesel costs in cement mill, 83-85 
in flour mills, 85-87 
cycle, 20-28 
economic status, 62-89 
engines of the U. S., 29-61 
classification, 29, 31 
Allis-Chalmers Co., 39 
American Diesel Engine (’o.. 
31 

Atlas-Lyons, 4 t 
Busch-Sulzer Bros. 1). E. 

34, 52, 55 
Craig, James, Cl 

('ramp’s Sons S. B. A E ('o , 
57 

De La Vergne Machine ('<> , 
42 

Dow Pump & Engine (’<)., i 1, 
GO 

Fulton Iron Works, -12 
Lombard Governor (’o., 1.') 
McEwen Bros , 40 
McIntosh & Seymour Corj), 

35, 30, 55 

National Transit Pump X 
Macii. Co., 40 

New London .Sluj) X I'uiginc 
Co., 46, 51 

New York Shipbuilding Co, 
60 

Nordberg Mfg. C'o., 18, 59 
Nobel, 53 

Otto'Engine Co., 44 
Pacific Diesel Eng. Co., 51 
Snow Works, 39 
Southwark-IIarris, 52 
Standard (Hadfield-l’onfield 
Steel Co.), 51 
Sun Shipbuilding (‘o., 01 
W'erkspoor, 53 
Winton Eng. Co., 44, 57 
W'orthington Pump & Mach. 
Corp. 37, 57 
installation, 90-118 
principle, 20 
vs. semi-Diesel, 63 
vs. solid injection, 63 
vs. steam turbine, 80, 84 
small, 7 


DiescPs engine (historical), 16 
large, 7 

marine, 6, 18, 62-01 
Dodge oil engine, 468 
Dow Die.scl, 44, 00 
bearing, mam, 210 
connecting r()d, 191 
c\ hmlcr, 111 
head, 111 
pi.')toti, 163 

E 

Ixonomic status of the Diesel, 62 
Efiicicncy of the Dic.sel, 568 
Engines, Diesel, (see Diesel). 
Hornsby-Ackroyd, 11, 18 
Huyghens, 9 

internal combustion (historical), 
9 

Ackroyd, Hornsby, 11, 18 
Barber's, 9 
Beau do Kochas, 11 
Bray ton’s, 13 
(Jlork’s, 13 
Diesel, 16 
marine,*18’ 

Lenoir, 9 
Otto, 10, 12, 13 
I'Nhaust period, 26 
lieat recoveiy, 109 
smoky, 618 
valve cleaning, 262 
designs, Allis-Cbahners, 252 
American, 228 
Busch-Sulzer, 233 
Dc La Vergne, 255 
Fulton, 240 
Lombard, 239 
McEwen, 217 

McIntosh & Seymour type 
A, 236 

marine type, 255 
National Transit, 249, 251 
New London, 259 
Snow horizontal, 241 
vertical, 247 
Winton, 240 
Worthington, 245 
valves, grinding of, 262 
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Exhaust valves, leaky, 262 
pitting of, 262 
water-cooled, 261 
cages of, 261 

Expansion stroke of the Diesel, 26 
F 

Falk solid-injection engine, 497 
Firing, order of, 222 
Flash point of oil, 427 
Flour mills, Diesel cost in, 85, 87 
Flywheel, putting on. 111 
links, 112 
Force, 531 
Foundations, 92, 98 
Four-strokc-cycle cylinder events, 
20 

Diesel engines, Allis-Chalmers, 39 
American, 31 
Atlas-Lyons, 44 
Busch-Sulzer, 34 
Craig, 61 
Cramp’s, 57 
De La Vergne, 42 
Dow,44 
Fulton, 42 
Lombard, 45 
McEwen, 40 

McIntosh & Seymour, 35 
National Transit, 40 
New London, 46 
New York Shipbuilding, 60 
Otto, 44 
Paci6c, 54 
Snow, 39 
Winton, 44 
Worthington, 37 
order of firing, 222 
' vs. two-stroke-cycle, 88 
Fractured cylinder head, 153, 156 
cylinders, 148 
Frames, engine, 119 
Busch-Sulzer, 124 
Cramp’s, 1‘29 
Dow,123 
Fulton, 120 
horizontal, 119 
Lombard, 126 


Frames, McIntosh & Seymour, 121, 
123 

New London, 126, 128 
Nordberg, 122, 129 
Standard, 119, 125 
vertical, 120 
Winton, 126 
Worthington, 131 
Fuel consumption, 65 
oils, (see (Ms), 412 
pump, types, 320 
Allis-Chalmers, 333 
American, 321 
Busch-Sulzer, 322, 325 
Cramp’s, 336 
De La Vergne, 336 
Fulton, 334 
Lombard, 348 
McEwen, 329 

McIntosh & .Seymour, 325, 328 

National Transit, 339 

New London, 336 

Nordberg, 346, 348 

Pacific, 336 

Snow,331 

.Standard, 342 

valve grinduig, 349 

Winton, 344 

Fuel valve, air pressure for, 312 
classification, 273 
closed type, 274 
cooling of, 312 
designs, Allis-Chalmers, 292 
open type, 275 
American, 275 
Busch-Sulzer, 279, 284 
Cramp’s, 306 
Fulton, 302 
Lombard, 303 
McEwen, 290 
McIntosh & Seymour, 285 
National Transit, 294 
New D)ndon, 301 
original Diesel, 270 
Snow, 288, 290 
Standard, 296 
Worthington, 304 
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Fuel valve injection action, 270 
maintenance of, 307 
open type, 273 
testing of, 342 
timing of, 316 

Fulton Iron Works Diesel, 42 
admission valve, 240 
bearings, 210 
cam clearance, 240 
compressor, 382 
connecting rod, 100 
cylinder, 142 
head, 143 
exhaust valve, 240 
frame, 120 
fuel pump, 331 
valve, 302 
governor, 363 
piston, 162 

productmrf costs with, SO 

(; 

Gas injection engine, 460 
Atlas-Lyons, 460 
Brons, 460 
Dodge, 465 
Hercules, 468 
Jones, 4()8 
Petroleum, 468 
Soars-Ilocbuck, 468 
Steinbecker, 470 
Western, 471 
Worthington, 480 

Gernandt oil engine, 459 

Governors, 350 
Allis-Clialmcrs, 358 
American, 352 
Busch-Sulzcr, 355 
Fulton, 363 
Jahns System, 352 
McEwen, 357 
McIntosh & Seymovir, 358 
National Transit, 356 
Nordberg, 303 
Snow, 356 
Standard, 358 

Gravity, Beaum<!^, of oil, 425 


a 

Hasselwander engine, 458 
Heat losses, 391 
Heating of fuel oil, 420 
value of oil, 422 
Hercules engine, 468 
Iloltlmgcr engine, 459 
Horizontal engine frames, 190 
Hornsby-Ackroyd engine, 14, 19 
Jhirsepower, 532, 568 
at high altitude, 537 
installeil, of Dnsel, 1 
Huvghciis gunpowder engine, 9 

I 

Ignition failure, 540 
III till' solid-injeciion engine, 483 
Indicating I he Diesel, 49it 
Jiidicafor diagram, Diesel, 512 
actual, 512 
airH'vcIc, 512 
.\lIis-( 'halmers, 519 
dislorti'd, 570 
errors m, 521 
interpretation of, 525 
logaritlimi'’, 527 
MeEvvfii, 519 

mean otTeelive pressure from, 534 
rigs, 507 

solid-injeelioii, 530 
study of, 527 
the (Vosliy, 503 
Jlopkmson, 504 
Midgley, 505 
inodcni, 502 
optical, 504 
vs. piston, 506 
Watt’s, 501 

Industries using Diesels, 2 
Diesel, in the U. S., 1, 29 
Ingersoll-lland oil engine, 492 
Installation of engine, 90 
aligning outboard bearing, 110 
bedding the shaft, 110, 211 
building, 115 
center lines, 90, 103 
centering shaft, 109 
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Installation of engine, foundation, 
92,98 

generator. 111 
grouting engine, lOG 
leveling engine, 101, 104 
lowering engine, 100 
oil lines, 113 
parts, 113 

putting on cylinders, 107 
flywheel. 111 
wheel links, 112 
template, 95 
tools, 114 

unloading engine, 99 
vibration, 99 

Internal combustion engines 
(historical), 9 
Barber's, 9 
Beau do Rochas, 11 
Brayton’s, 13 
(flerk’s, 13 
Diesel, 16 

IIornsby-Ackroyd, 14 
Huyghens, 9 
Lenoir, 10 
Otto, 10, 12, 13 

J 

Jones oil engine, 468 
K 

Knocks, engine, 547 
L 

Labor costs, 64 
Large Diesels, 7, 36 
Layout, schematic, of Diesel, 26 
Leissner oil engine, 478 
Lenoir’s gas engine, 10 
Leveling engine, 101, 104 
Life of Diesel, 1 

Liner, cylinder, replacement, 150 
Lloyd’s rules for crankshafts, 224, 
573 

Lombard Diesel, 45 
admission valve, 239 
bearing main, 211 


Lombard Diesel, cam clearance, 240 
connecting rod, 191 
cylinder, 143 
head, 143 
exhaust valve, 239 
frames, 126 
fuel pump, 348 
valve, 303 
piston, 164 
Losses, heat, 391 
Lubricating oil coolers, 455 
recovery, 453 
testing, 451 
viscosity, 447 

Lubrication, air compressor, 456 
amount of, 452 
bearing, 451 
cylinder, 443 
piston, 81 
pressure feed, (IS 
specifications, 150 
splash, 450 
stream, 448 

M 

Main bearings (see /Ji(iri)ii;i), 201 
Maintemiiiee ehiirgea, 65 
Marine Diesels, 18, 52 
Bethlehem, 59 
Biisch-Sulzer, 5 
Oamp’s, 57 
Dow, 60 

McIntosh & Seymour, 55, 58 

New London, 54 

New York Shipbuilding, 60 

Nobel, 53 

Nordberg, 59 

Pacific, 54 

Sun Shipbuilding, 61 
Werkspoor, 53 
Winton, 57 
Worthington, 57 
Material for piston, 182 
McEwen Diesel, 40 
admission valves, 248 
bearings, main, 207 
compressor, 373 
cylinder, 144 
head, 145 
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McEwen Diesel, exhaust valve, 248 
fuel consumption 67 
pump, 329 
valve, 290 
governor, 357 
piston, 165 

Melntosli A Seymour typo A Di(‘scl, 
jidinission valves, 236 
l)earinga, main, 20!) 
cam clearance, 238 
camshaft, 237 
connecting rod, 186 
cylinder, 140 
exhaust valve, 236 
frame, 121 

fuel consumption, 69, 74 
pump, 325 
valve, 285 
operating results, 73 
piston, 161 
production costs, 78 
valve timing, 238 

McIntosh A Seymour box-frame 
Diesel, admission valves, 236 
bearings, main, 209 
compressor, 372 
costs, operating, 86 
cylinder, 141 
exhaust valve, 248 
frame, 123 
fuel pump, 329 
valve, 285 
governor, 357 
piston, 165 

McIntosh A Seymour large Diesels, 
36 

marine Diesel, 55 
admission valves, 255 
bearings, 209 
camshaft, 256 
compressor, 371 
connecting rod, 186 
cylinder, 141 
head, 141 
exhaust valve, 255 
fuel valve, 288 
reversing gear, 255 
valves, 255 


Mean effective pressure, 633 
actual, 536 
brake, 536 
calculated, 537 
from diagram, 533 
Mianus oil engine, 480 

N 

National Transit Diesel, 40 
bearings, main, 205 
camshaft, 251 
compressor, 375 
connecting rod, 188 
cylinder, 146 
' head,146 
exhaust valve, 251 
fuel pump, 339 
valve, 291 
governor, 350 
valve timing, 252 
New liOndon Diesel, 46, 51 
admission valves, 258 
bearings, main, 211 
compressor, 383 
connecting rod, 189 
cylinder, 142 
liead, 142 
e\liau8t valve, 258 
frames, 126 
fuel pump, 336 
valve, 301 
governor, 338 
piston and pin, 170 
reversing gear, 259 
valve cages, 201 
valves, 258 

New York Shipbuilding Marine 
Diesel, 60 

Nobel marine Diesel, 53 
Nordberg solid-injection engine, 473 
Nordberg type EG Diesel, com¬ 
pressor, 381 
frames, 122 
fuel valve, 301 

Nordberg type FD Diesel, 48, 59 
bearings, main, 210 
compressor, 378 
connecting rod, 191 
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Nordbcrg type FD Dieael, cylinder, 
- 142 

cyb^d^l• head, 142 
frames, 129 
fuel pump, 348 
valve, 30 
governor, 363 
piston and pin, 109 
scavenging pump, 380 
valves, 248 
in steel works, 88 
Nordberg typo Vl-l Diesel, 49 
compressor, 381 
connecting rod, 191 
cylinder, 142 
head, 142 
frames, 122 
fuel pump, 346 
valve, 301 
gov'ernor, 303 
piston and pin, 191 
scavenging punij), 381 

O 

Oil, acid in, 430 
ash in, 430 
burning of, 427 
classification, 414 
crude, 417 
Diesel, 417 
distillate, 417 
fuel, 416 
gas, 417 
solar, 410 
stove, 416 
combustion of, 412 
crude, 417 
burning of, 410 
dirt m, 417 
flash point of, 427 
fuel, 416 
gravity of, 423 
heat value of, 422 
heating of, 420 
lines, 113 

lubricating (see Lubrication). 
navy specifications of, 430 
sulphur in, 427 


Od, tank, 433 
outage, 426 
vcgctafile, 439 
viscosity of, 430 
water in, 428 

Operating results with Diesels, 71 
Otto Diesel, 44 
l)earings, main, 208 
cyliiKl(*r, 148 
head, 118 
gas engine, 10, 12 

P 

Pacific Diesel, 51 
fuel pump, 336 
Period, comhustion, 25 
exhaust, 26 
Piping, air, 576 
exhaust, 583 
water, 401 

Piston clearance, 179 
cooling, 174 
crossliead types, 158 
Ihisch-Sulzor, 167 
(Vamp’s, 170 
Nordherg FD, 169 
NV)rdberg VE, 169 
Worthington, 167 
fractured, 177 
lubrication, 181 
material for, 182 
pin, clearance, 106 
emergency, 184 
grinding of, 183 
rings, 170 
fit, 181 
troubles, 183 
seal, 446 
sewed, 178 
side thrust of, 181 
stuck, 172 
trunk types, 158 
Allia-Chalmers, 164 
American, 159 
Busch-Sulzer type B, 160 
Dow, 163 
Fulton, 162 
Lombard, 164 
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Piston trunk type, McKwen, 105 
McIntosh A Seymour, 101 
New Ijondon, 170 
Snow horizontal, 105 
vertical, 170 
Standard, IGO 
Winton, 103 
Founds in engine, 517 
Power, 532 
horse*, 530 
Price oil engine, -IS!) 

Principle, Diesel, 20 
Production costs, 75, So 

R 

Reverse gear, McIntosh A Sevniour, 
255 

New Ix)ndon, 250 
Rings, piston, 170 

S 

iScavenging pump, Rusch-Sulzer, 30!) 
Nordherg I'Xl, 3H1 
Nordherg I’D, 380 
Nordherg VK, 381 
Standard, 377 
valves. Husch-Sulzer, 309 
Nordherg, 2-17 

Schematic layout of Dies<‘l, 20 
Semi-Diesel vs. Diesel, 03 
Shaft hearing.s, (see Bearing^), 201 
bedding, 110 
centering, 110 
Shafts (see Crankahajh) 

Small Diesels, 7 

Snow horizontal Diesel, admission 
valve, 241 
bearings, main, 200 
compressor, 373 
connecting rod, 187 
cylinder, 144 
head, 144 
exhaust valve, 241 
fuel consumption, 07 
pump, 331 
valve, 289 


Snow horizontal Diesel, g 0 vern 9 r. 

330 

piston, 105 
valve timing, 244 
Snow vertical Diesel, 30 
adini8.sion valve, 247 
eompresaor. 373 
connecting rod, 180 
cyhinler, 141 
head, HI 

<‘\han.st valve. 247 
frame, 132 
fuel valve, 2<>0 
piston, 170 

Sohd-mjection engine, excessive 
pn'ssure m, 491 
fuel consumption of, 195 
Inbncat mg oil consnmption of, 498 
operation ot. 108, 401 
pihtons of, 105 
vclf-igmtion m, 183 
vs Diesel, 03 

Solid-iMjcetion engiin's, 5IS 
Hnnis, 100 
Do La Vergne. 190 
Dentz, 1S,S 
Dodge, l(>5 
I-'alk, 497 
gas-mjeetion, 100 
(lernandt, 15!) 

Ilas-selwander, 158 
HereuloH, 408 
Holflmger, 45!) 

Ingersoll-Rand, 492 
J>eis8ner, 478 
Lyons-Ailas, 102 
MianuH, ISO 
Nordherg, 473 
Petroleum, 408 
Price, 489 

Sears-Roebuck, 108 
Steinbecker, 470 
St. Mary's, 402 
'I’aylor, 482 
Western, 471 
Worthington, 481 
Soutliwark-Harris Diesel, 52 
Speed, drop in, engine, 548 
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Standard horizontal Diesel, 51 
compressor, 375 
cylinder, 135 
head, 130 
frame, 120 
fuel pump, 342 
valve, 296 
governor, 358 
piston, 166 

scavenging pump, 377 
valves, 252 
vertical Diesel, 51 
l)earings, main, 211 
compressor, 376 
connocting rod, 190 
frame, 125 * • 
fuel consumption, 00 
pump, 3,43: ^ ' 
valve, 299 
governor, 358 
scavenging pump, 377 

1 ' 

'ranks, oil storage, 427 
'i emplute, engine, 95 
Testing Diesels, 550 
lubricating oil, 451 
Thrust, side-, of piston, 181 
Timing of valves, 232, 255, 260, 277 
294, 316 
Tools, 114 
Towers, cooling, 401 
'I’runk pistons, I5H 
Two-strokc-cyclo Diesi'l, cylimlei 
events, 27 
order of firing, 222 
types, 48 
Busch-Sulzer, 52 
Nordberg, EG, 48 
Nordberg, FD, 48 
Nordberg, VE, 49 
Standard, 51 

U 

U. S. S. B. I. Buies, crankshaft, 22- 
Unloading engine, 99 


V 

Valve timing, 266, 268 
American, 232 
Busch-Sulzer type B, 234 
De La Vergne, 255 
McIntosh & Seymour, 238 
National Transit, 252 
Snow, 244 

Valves (see Admission, exhatisl and 
fnd valrcs). 
scavenging, 248 
Vegetable oil, 439 
V^crtical frames, 120, 132 
Vibration of engine, 99 
Viscosity, fuel oil, 430 
lubricating oil, 447 

W 

Water, cooling (sec Cooling 
system), 392 
Wear, cylinder, 149 
Western oil engine, 471 
481 

Winton Diesel, 57 
admission valves, 240 
bearings, main, 211 
connecting rod, 100 
cylinder, 141 
head, 142 

exhaust valves, 240 
frame, 126 
fuel pump, 341 
piston, 163 
Work, 532 

Worthington Diesel, 37, 57 
admission valve, 245 
bearings, main, 211 
compressor, 373 
exhaust valve, 245 
frame, 131 
fuel valve, 304 
piston, 167 

Worthington solid-injection engine, 






